AO-A074  550 
UNCLASSIFIED 


ARMY  ENGINEER  WATERWAYS  EXPERIMENT  STATION  VICKSBURG — ETC  F/6  13/2 
WATER  QUALITY  EVALUATION  OF  PROPOSED  TWIN  VALLEY  LAKE*  WILD  RIC~ETC(U) 
JUL  79  D  E  FORD*  K  W  THORNTON*  W  B  FORD 
WES-EL-79-5 


NL 


1.0 


WATER  QUALITY  EVALUATION  OF 

o 

PROPOSED  TWIN  VALLEY  LAKE 

lO 

WILD  RICE  RIVER,  MINNESOTA 

ir: 

by 

i 

Dtnnis  E.  Ford,  Kent  W.  Thornton,  W.  Bryan  Ford  III,  Allan  S.  Lessem 

O 

Environmental  Laboratory 

U.  S.  Army  Engineer  Waterways  Experiment  Station 

P.  O.  Box  631,  Vicksburg,  Miss.  39180 

D  D  C 

ip/nipim  nrpr 

• 

' 

m 

j  OCT  3  1919 

July  1979 

Final  Report 

liEisEinrEL 

E 

1 

Approvtd  For  Public  Relnsei  Oittribulion  Unlimitad 

^/^^^ 
•  r  .‘•i 


Ocilroy  (his  report  whon  no  (onpor  noo«lod.  Do  not  rotwm 
it  to  tho  originator. 


Tho  findings  in  this  report  ore  not  to  be  construed  os  on  official 
Deportment  of  the  Army  position  unless  so  designated 
by  other  authorised  documents. 


•  *ir 


_ Dnclass  i  t'  tod _ 

sccumry  cl  AlSiriC  ATIOH  or  this  PAOC  (>•<•  Rnt*r»iO 

I  REPORT  DOCUMENTATION  PAGE 


HIPORT  NUMBCn 


\2  OOVT  ACCESSION  NO. 


RKAD  INSTRUCTIONS 

_ UKKOKK  COMUi^KTING  FORM 

S  HBCiPlENT’S  CAT  ALOO  NUMBER 


Technical  Report  EL-79-5  j 

4.  TITLE  (and  SuAlf||«) 

^WATKR  gilALITY^JiVALUATIDN  OK  KROKOSKn  TWIN  VALLEY 
IJVKE,  WILD  RICE  RIVER,  MINNESOTA  , 


.  - 

»•  fVPt  or  lltP.ailI.A  ftpiOD  COVERED 

j  K 1 11JI I  fi'pot  (  . 

t  PCnrOKMIHO  ORO.  nt(>ORT  NUMIII  R 


p  AUTHON(a) 


Dennis  K./pord,  Kent  W, /Tliornton, 

W.  Bryan jFori^  III,  Allan  S./Lessem 

t  piaroRMiNO  ohakNlt  jriON  name  and  aodriss 


I  NAME  AND  ADDRESS 


II.  S.  Army  Knuineer  Waterwjiys  Kxperinienr  Station 
Knv Ironmental  l.ahoratorv  ^ 

P.  D.  Box  Ml,  yukshurs.  Miss.  l«liao _ _ 

II  CONTROLLINO  OFFICE  NAME  AND  ADDRESS 

II.  S.  Army  KiiRlneer  District,  St.  Paul  /  / , 

St.  Paul,  Minn.  SSIOl  "  ' 


t  CONTRACT  OR  ORANT  NUMBERfal 


10  PROORAM  element.  PROJECT,  TASK 

AREA  A  WORK  UNIT  NUMBERS 


U.  REPOBT 

duly  1979  ✓ 


MONITORING  AGENCY  NAME  *  ADDRCIVII  <<>«•'«’<  'pxK  Canlrolllnt  Ot/U»)  jlS  SECURITY  CLASS  (o<  IMa  raporO 


/y 


One  I  ass i ( iej 

ISa  DECL  ASSiricVTION~’r>CWNORAOlNO 

schedule 


|U.  DISTRIBUTION  STATEMENT  fot  (Ma  PaporO 


Approved  for  public  release;  disliibutlou  unlimited. 


|  w 


V.,  J 


17.  DISTRIBUTION  STATEMENT  (ol  (Aa  aAalrarl  aniararf  In  Blort  20,  II  MtImronI  Man  RaporO 


III  Supplementary  NOTES 


Ilf.  KEY  BOROS  (Canllnum  on  rararaa  oldo  If  nacaaaan'  and  Idanlltv  Or  block  nombor) 


Bloassavs 
Kco  logical  moilels 
Kut  roplilcat  Ion 
Mathematical  models 


Nutrii'ut  loail  lints 
Twill  Valley  hake 
Water  tlua  I  1 1  v 
Wild  Klee  River 


JO.  AMTRACT  fCmmernum  mm  fmwmrmm  aMto  P  iiRaaaaaay  mmt  titmmUfr  blocH  nuaiMvi 

'*  The  water  quality  ol  proposed  IVln  Valley  I.ake,  Wild  Rice  River,  Minnesota, 
was  evaluated  with  respect  to  Its  eut  ropli  Icat  Ion  potential  and  the  water  quality 
criteria  and  standards  appropriate  for  pro|ect  purposes.  Study  approaches 
included  review  of  exist  in(t  water  <iualltv  data  taken  on  the  Wild  Rice  River, 
review  of  exist  Inyt  data  on  surroundintt  lakes,  al>tal  hloassav  analyses  on  water 
samples  taken  In  the  Wild  Rice  Rl.er  and  In  one  nearby  lake,  laboratory 
studies  on  soil  samples  taken  .it  the  proposed  prolect  site,  m.it  hemat  leal 
simulations,  and  nutrient  load  Inn  analyses. _ (I’ont  Inued) 
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20.  ABSTRACT  (Continued). 

-  Water  quality  data  from  the  Wild  Riee  River  indicated  no  major  water  (|uality 
(iroblems.  Dissolved  oxygen  averaged  94  percent  saturation.  Phosphorus  ct>ncen- 
tratlons  were  sufficiently  high  to  support  nuisance  algal  blooms,  but  nitrogen 
concent  rat  Iona  were  low,  indicating  possible  nitrogen  limitation.  Kecal  cell- 
form  counts  exceeded  200  colonles/100  ml  only  during  storm  events. 

The  surrounding  lakes  can  be  classified  as  eutrophic.  hakes  that  were 
morpl\omet  r  leal  ly  similar  to  proposed  Twin  Valiev  hake  did  not  stratify  and  were 
able  to  meet  the  State  standard  of  ^  mg/S  for  dissolved  oxygen.  The  aUtae  con- 
cenf  rat  ions  ranged  from  1  to  111)  pg/S  chloropliyll  a. 

Algal  bioassays  were  conducted  on  water  samples  taken  in  the  Wild  Rice 
River,  Dayton  Hollow  Reservoir,  and  Ottertall  River,  the  major  tributary  to 
Dayton  Hollow  Reservoir.  Clu-mlcal  an/ilyses  on  the  samples  taken  in  the 
iHtertail  River  and  Dayton  Hollow  Reservoir  indicated  that  conditions  in  the 
reservoir  and  river  were  similar.  In  all  of  the  samples,  the  nutrients  were  in 
an  available  form.  The  bloassays  were  inconclusive,  indicating  that  either 
phosphorus  or  nitrogen  could  be  limiting., 

A  reservoir  ecological  model  was  used  to  predict  tlie  trophic  status  of  the 
Impoundment  and  the  effects  of  various  reservoir  operational  and  management 
schemes  on  the  water  quality.  Monte  Carlo  simulations  were  used  to  include  the 
variability  Inlierent  in  the  update  data  and  coefficients.  The  mathematical 
simulations  indicated  that  the  downstream  natural  temperature  objective  could 
be  met  with  either  selective  or  bottom  withdrawal.  Bottom  withdrawal  is  recom¬ 
mended.  The  lake  will  probably  stratify  intermittently  from  May  througli  dune, 
but  State  dissolved  oxygen  standards  will  not  be  violated.  Simulated  algal 
concentrations  were  2  to  90  pg/i  chlorophyll  Blue-green  algae  were  predicted 

to  dominate  throughout  tlie  summer.  No  problems  with  fecal  coliforms  exceeding 
.standards  were  predicted,  but  Intermittent  problems  in  the  headwater  regions  are 
probable . 

Laboratory  studies  on  soil  samples  taken  at  tlie  project  site  were  used  to 
study  soil-water  Interactions  under  anaerobic  conditions  and  to  provide  guidance 
on  reservoir  clearing  and  filling.  The  studies  indicated  that  anoxia  would 
develop  5  to  15  days  after  stratification  and  that  hydrogen  sulfide  production 
is  possible  in  another  5  to  15  days.  Prior  to  filling,  removal  of  all  vegetation 
from  the  reservoir  would  probably  reduce  the  initial  oxygen  demand,  A  series  of 
fillings  and  flushing  followed  by  a  slow  Incremental  filling  would  probably 
improve  water  quality  during  the  Initial  years  after  filling. 

Appendix  A  describes  the  algal  assay  procedures.  Appendix  B  describes  the 
laboratory  experiments  on  soil  samples  taken  at  the  proposed  project  site. 
Appendix  C  discusses  the  potential  for  aquatic  macrophyte  growth.  Appendix  D 
presents  the  initial  conditions,  coefficients,  and  updates  for  the  mathematical 
ecological  simulations.  Appendix  K  lists  the  coefficient  references.  Appendix 
F  presents  the  nutrient  loading  results. 
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PREFACE 


This  study  was  conducted  by  the  Environmental  Laboratory  (EL)  of 
the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES),  Vicksburg, 
Mississippi,  for  the  U.  S.  Army  Engineer  District,  St.  Paul  (NCS). 

The  project  was  authorized  by  Intra-Army  Order  for  Reimbursable  Services 
No.  NCS  1A-77-127-EDH  dated  19  September  1977  and  Change  Order  No.  1 
dated  5  December  1977. 

This  report  is  an  evaluation  of  the  water  quality  expected  in  the 
proposed  Twin  Valley  Lake  relative  to  its  eutrophication  potential  and 
to  water  quality  criteria  and  standards  appropriate  for  the  project 
purposes . 

The  research  was  conducted  under  the  direct  supervision  of 
Mr.  D.  L.  Robey,  Chief,  Ecosystem  Modeling  Branch  (EMB) ,  and  under  the 
general  supervision  of  Drs.  R.  L.  Eley,  Chief,  Ecosystem  Research  and 
Simulation  Division,  EL,  and  John  Harrison,  Chief,  EL.  Drs.  D.  E.  Ford 
and  K.  W.  Thornton,  EMB,  served  as  principal  investigators.  Dr.  A.  S. 
Lessem  and  Mr.  W.  B.  Ford,  III,  EMB,  participated  in  the  study  and  in 
the  development  of  the  Monte  Carlo  simulations. 

Ms.  C.  Stirgus,  Ms.  F.  Thompson,  and  Mr.  T.  Quasebarth,  EMB, 
assisted  in  data  analysis.  Drs.  D.  Gunnison  and  J.  Barko,  Ecos\  I ''m 
Processes  Research  Branch,  prepared  Appendixes  B  and  C,  respectively, 
and  along  with  Mr.  J.  Norton,  reviewed  the  draft  report. 

Drs.  R.  Megard,  J.  Shapiro,  H.  Stefan,  and  H.  Wright,  University 
of  Minnesota,  Minneapolis;  Drs.  T.  Collins  and  D.  Mathlason,  Moorhead 
State  College,  Moorhead,  Minnesota;  and  Drs.  M.  Bromel  and  J.  Peterka, 
North  Dakota  State  University,  Fargo,  North  Dakota,  provided  assistance 
in  data  compilation. 

Ms.  Leslie  A.  Gardner,  Utah  Water  Research  Laboratory,  Utah  State 
University,  Logan,  conducted  the  algal  bioassay  analyses  and  prepared 
Appendix  A. 

Director  of  WES  during  the  conduct  of  this  study  and  the  prepara¬ 
tion  and  publication  of  this  report  was  COL  J.  L.  Cannon,  CE.  Technical 
Director  was  Mr.  F.  R.  Brown. 
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W-MJ-.K  lil'At  l.rv  KX’AU'A'l'lON  OK  KKC\KOS_Kn_ VAjOJA'  jAKK , 

WUJ^  KICK  KIVKK,  MINNKSOTA 

I’AKT  1:  INlKOin'CTli'N 

I.  Tho  I'l  i'posoil  I'wiu  Valli’v  l.ako  woiilii  bo  tormoii  bv  t  lu'  imiKniiul- 
nu’iU  of  t  ho  Wilit  Kioo  Kivor  nocir  IVin  Vallov,  Niiuiosota  fKigiiro  1 X  .  I'lio 
pri'joot  was  authorizoii  bv  t  lio  Klood  Control  Aot  of  l‘)70  for  piirposos  lO 

t  li'Oil  oontrol,  rooroatli'n,  ami  fish  aiui  wiUilifo  ciovo  1  opmont  .  I'ho  pri'i- 
oot  wonKi  bo  oporatoii  primarily  to  roihioo  flooiiinp,  liownstroani  ot  Twin 
Vallov  on  t ho  W i  K1  Kioo  Kivor  aiul  on  tho  KoO  Kivor  of  t ho  North  from 
llalstail,  Minnosota,  to  Dravton,  North  Pakota. 

J.  Tho  I’bjootlvos  of  this  stmiv  woro  to  ovalnato  tho  wator  qualitv 
anil  out  ro|>h  ioat  i  on  potontial  ot  proposoii  IVin  Vallov  Lako  rolativo  to 
proioot  pnrposos.  A  oombination  of  toohniijnos  inolmlini;  oomparisons 
with  siirronndini;  impounilmont  s ,  aljtal  bioassavs,  laboratory  stmlios  on 
anaorobio  ooiulitions,  mathomatioal  simulations,  and  mitriont  loadini; 
analvsos  was  nsod.  Whilo  oaoh  ot  tho  individual  toohniqiios  havo  in- 
horont  assumptions  and  limitations,  thoir  oombinod  nso  providos  oor- 
roborat ivo  and  comp lomont ary  information.  This  approach  has  boon  nsod 
in  othor  wator  qualitv  studios  (Thornton  ot  .il.  Id7p;  Hall  ot  al.  1'’’77; 
Kord  ot  al,  l‘)78X  and  is  doscribod  in  dotail  bv  Thornton  ot  al.  (1^7710. 

3,  This  roport  prosonts  rosults  of  a  wator  qu.ility  ovaluation  of 
proposod  Twin  Valloy  l.ako.  Tho  assumptions,  1  imi  t.it  ions .  .ind  rosults 
of  each  tochniquo  aro  prosontod  soparatolv.  I’rodictions  from  tho  dif- 
foront  techniques  aro  ovaluatod  and  compared  based  on  tho  .ippropriato 
assumptions  and  limitations  to  dotormino  tho  wator  qu.ility  and  trophic 
status  of  proposed  'I'wiu  Valloy  l.ako.  Tho  specifics  of  tho  al.qal  bio¬ 
assay  analyses,  tho  laboratory  studios  on  anaerobic  conditions,  .nul  tho 
macrophyte  assessment  aro  doscribod  in  Appendixes  A,  B,  and  C,  rospoc- 
tivoly.  Model  coefficients,  updates,  and  Initial  conditions  aro  spool- 
fled  in  Appendix  0.  Coefficient  references  aro  listed  in  Appendix  K, 
and  nutrient  loading  results  aro  included  in  Appendix  K. 
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BAfKCROliNn  I  NKOKM\  T 1  ON 


W;lt  or  slu'd 

4.  Tho  Wild  Kioo  Rivor  watorsliod  onoompassos  alnnit  SI  10  km'  in 
northwostorn  Minnesota.  The  Wild  Rico  Rivor  starts  in  Opi'or  Rioi-  l.ako 
(olovat ion  4S8.1  m*  msl)  and  flows  in  a  Ronorally  wostorlv  diroot  ion 
until  it  joins  tho  Rod  Rivor  of  tlu-  North  48  km  north  I't  Miunhoad, 
Minnesota  (Figure  2).  The  total  length  of  tho  river  is  .ipproximat olv 
300  km. 

3.  I’roposod  IVin  Valley  l.ako  is  located  at  .ipproxim.it  olv  kiK'nu'tro 
d8  near  tho  phvs  iograph ic  transition  zone  from  Rod  Rivor  lowland  to 
glacial  moraine.  Tho  topography  of  tho  2300  km'  ol  mor.iino  loc.it  od 
above  (east)  the  proposed  I'rojoct  is  gent  Iv  undulating  to  rugged.  I  .ind 
use  in  tho  watershed  above  the  project  is  approxim.it o Iv  43  percent 
cultivated  and  40  percent  forested  with  17  ju-rcont  in  pasture,  old 
fields,  marsh,  hogs,  and  lakes.  Tho  percentage  of  fv'rested  lands  in¬ 
creases  in  an  easterly  direction. 

(1.  Tolnt  discharges  of  pollution  to  the  Wild  Rice  River  above  the 
proposed  project  are  the  Mahnomen  and  Wauhum  wastewater  treatment 
tacilities.  Both  facilities  consist  of  a  pumping  station  .ind  prim.irv 
and  secondary  stabilization  ponds.  The  Minnesota  Tollution  i'ontrol 
Agency  (MTCA)  considered  the  Waubum  system  to  be  adequate,  but  tv'und 
the  Mahnomen  ponds  reached  capacity  before  stabilization  occurred 
(MFC A  H73). 

7.  Numerous  .small  lakes  and  swamps  in  the  upi’er  w.itershed  store 
and  delay  runoff.  The  average  annual  runoff  for  44  years  of  record  .it 
the  I'.  8.  Geological  Survey  (I'SGS)  gage  at  TWin  Valiev  is  0.3  cm. 
t'.enerally,  the  streamflow  at  Twin  Valley  rises  in  late  March  or  .April 
from  snowmelt  (Figure  3).  The  largest  flow  usu.illy  occurs  in  April. 

The  flow  renviins  high  through  .lune  and  then  slowly  recedes.  .Approxi¬ 
mately  62  percent  of  the  total  annual  flow  at  IVin  ValU'v  occurs  in 

*  F.levatlons  cited  herein  ate  in  metres  referred  to  mean  se.i  level 
(msl);  s.ampling  elevations  are  referred  to  base  ot  reservoir. 
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lakes  sustain  the  tlow. 
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8.  U’eatlu-r  ohservat  ions  oi  air  temperature  aiui  pree  ipi  t  a  t  ion  are 
available  t  roni  three  National  Weatlier  Servioe  (NWS3  me  t  eoroloj;  ioa  I 
stations  within  the  WiUI  ttiee  River  basin  at  Aila,  Mahiu'men,  and  IVin 
Valiev.  riie  elosest  t'lass  .A  meteorolo^ieal  station  is  .ipproximalelv 
t'S  km  southwest  oi  the  propt'sed  project  in  Fargo,  North  Oakota.  Oat.i 
t rom  this  station  were  used  in  this  stndv. 

4.  The  continental  clim.ite  oi  the  region  is  characterised  by 
extreme  variations  in  temperature  and  moderate  precipitation.  Mi'an 
■innual  precipitation  .nui  evai'oral  ion  .ire  approximat  e  1  v  S  i  .nui  TP  cm, 
respect  ivelv  .  .At  .Ada,  the  maximum  recorded  .mnual  prec  ii'i  t  .it  ion  oi 
SA  cm  occurred  in  ld41,  and  tlu'  minimum  recorded  annual  precipitation  oi 
Jp  cm  occurred  in  UUO.  Approximately  70  percent  oi  the  annu.i  1  pre- 
cipit.it  ion  I'ccurs  during  the  giuiwlng  season  ot  M.iv  through  Septembi'r. 

10.  .At  Fargo,  North  Dakota,  the  mean  monthlv  air  temper.iture 
r.inges  irom  -1,1. 8^0  in  .laiuiary  to  Jl.S'o  in  .lulv  iFigure  sal.  Vhe 
m.iximura  me.in  monthlv  precipitation  oi  7.7  cm  occurs  in  .'une  while  the 
minimum  oi  l.S  em  occurs  in  .lanuarv  and  February  l,Fi.gure  sbl.  Me.in 
monthly  wind  speeds  are  rel.it  ivelv  const.int  varying  irom  .i  minimum  ot 
S.s  m/sec  in  .lulv  to  a  maximum  oi  7.2  m/sec  in  .April  iFlgure  4cl.  ITie 
prevailing  wind  is  south-southeast  ior  the  months  oi  .Uine  throu.gh 
th'tober  and  nor  t  h-iu'rt  hwest  ior  the  months  oi  November  through  M.iv . 


Keservo  i r 


11,  The  reservoir  as  discussed  in  this  report  is  located  at  an 
alternative  site  approximately  1 .  !>  km  upstream  irom  the  original 
authorized  site  (Figure  51.  ihe  conservation  pool  (elevation  324  m  ms  1 1 
would  Impound  approximately  4,25  ^  lO^m'  oi  water  with  a  suriace  area  oi 
218  ha.  This  project  would  create  a  lake  4.S  m  deep  at  the  dam  and 
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fxt ending  11.3  km  upstream.  At  full  pool  elevation  of  336.5  ra  msl, 

6.AA  10  m  ot  water  would  be  Impounded,  inundating  approximately  684 
lia.  Tlie  maximum  deptii  during  full  pool  elevation  is  22  m.  The  theo¬ 
retic. il  hvdraulic  residence  time  based  on  mean  annual  flow  of  5  m^/sec 
would  be  21  days.  Mean  monthly  residence  times  would  vary  from  7  days 
in  April  to  47  days  in  September  (Figure  6). 

12.  Ttie  outlet  works  for  proposed  Tv'p  Valley  Lake  would  consist 
of  a  gated  spillway  and  a  selective  withdrawal  structure.  The  selective 
witlidrawal  structure  would  contain  two  water  quality  gates  and  two  flood 
control  gates.  The  primary  functions  of  the  structure  would  he  to 
release  normal  river  flows,  temporarily  stored  flood  waters,  and  emer¬ 
gency  reservoir  drawdown.  The  emergency  spillway  (elevation  136.5  m  msl) 
would  be  used  to  pass  all  flow  ir  .'xcess  of  the  design  flood. 

13.  .As  currently  envisioned,  tiie  project  would  be  operated  pri¬ 
marily  for  flood  control  with  the  operating  plan  enhancing  other  project 

purposes  witere  practical.  The  normal  pool  level  would  be  maintained  at 

3 

324  m  msl.  Releases  would  be  limited  to  70  m  /sec.*  Above  elevation 
338.6  m  msl  releases  would  be  uncontrolled  and  approximately  equal  to 

3 

tile  inflow.  Minimui  flow  would  be  approximately  0.14  m  /sec. 


*  This  revised  value  differs  from  the  48  m^/sec 
Memorandum  (0.  8.  Army  Engineer  Oistrict,  St. 


spec i f i ed  in  t he  Design 
r.-uil  1975b). 
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PART  III:  SURVEY  OF  EXISTING  WATER  QUALITY  DATA 


14.  There  are  two  reasons  for  analyzing  existing  riverine  and 
impoundment  water  quality  data.  First  and  foremost,  extrapolating  the 
data  to  the  proposed  project  is  one  of  the  best  approaches  for  predict¬ 
ing  the  water  quality  of  the  project.  Impoundments  in  the  same  geo¬ 
graphical  area  will  have  similar  macrometeorology  and  may  have  similar 
watershed  characteristics,  thermal  regimes,  and  biotic  communities. 
Second,  stream  and  lake  data  are  required  input  to  other  predictive 
techniques  (e.g.,  mathematical  simulations  and  nutrient  loading 
analyses) . 


Stream  Data 


15.  Water  quality  data  were  taken  by  the  USGS  in  the  Wild  Rice 
River  at  Twin  Valley  (USGS  Gage  No.  05062500)  during  1975-1977  (USGS 
1975,  1976,  1977).  This  sampling  station  was  located  near  the  proposed 
damsite  (ca  2  km  downstream),  and  the  data  should  be  representative  of 
water  entering  the  proposed  impoundment.  The  data  for  the  open  water 
period  March  through  October  are  summarized  in  Table  1  and  in  the  form 

of  scatter  plots  for  selected  parameters  in  Figures  7-15.  All  parameters 
varied  extensively  at  low  flow. 

Dissolved  oxygen 

16.  Dissolved  oxygen  (DO)  concentrations  averaged  94  percent  satu¬ 
ration  for  the  3  years  of  data.  The  range  was  65  to  115  percent.  The 
minimum  recorded  DO  of  6.1  mg/?,  indicated  no  existing  problems  with  DO 
concentrations  satisfying  criteria  for  aquatic  life.  No  relationships 
between  flow,  time  of  year,  and  percent  saturation  were  found. 

Biochemical  oxygen  demand 

17.  During  1976  and  1977  the  5-day  biochemical  oxygen  demand  (B0D5) 
averaged  5.5  mg/?,  with  a  maximum  of  23  mg/?  recorded  on  19  July  1977 
(Table  1).  The  mean  B0D5  concentration  in  1977  was  higher  than  in  1976 
(8.5  versus  2.6  mg/?),  yet  the  percent  saturation  of  DO  was  similar 

(94  percent  versus  93  percent).  Since  low  flows  characterized  the  last 


lialt'  of  197()  jind  all  of  1977  through  October  and  since  there  was  little 
relationship  between  flow  and  BtihS  (Figure  7),  the  higher  organic  locui- 
ings  upstream  in  1977  may  possibly  he  in  the  form  of  a  point  simrce  I'f 
organic  matter. 
rhusplu>rus 

18.  I’hosphorvis  Is  one  of  the  major  nutrients  required  for  plant 
growth  and  It  is  usually  considered  to  he  the  key  nutrient  in  tlu-  accel¬ 
eration  ot  eutrophication.  According  to  Wetzel  (197S),  uncontaminated 
waters  generally  have  total  phosphorus  concentrations  of  0.01  to 

O.OS  mg/(.  Sawyer's  critical  phosphorus  concentration  at  sprlirg  over¬ 
turn  was  0.01  mg/1!  (Sawyer  19S4)  .  Average  total  phosphorus  (V)  and 
ort hophi’sphate  (FO^-F)  concentrations  for  the  period  1971  through  1977 
were  0.017  and  0.024  mg/(  F,  respectively  (Table  1).  The  maximum  F 
concent  rat  Imi  reci'rdeii  was  0.24  mg/?.  Fhospliorus  ccmcent  rat  Ions  tendeti 
to  increase  with  flow  during  major  flood  events  (Figure  Ih),  hut  the 
overall  relationship  with  fli>w  was  not  significant  (Figure  8)  because  of 
the  wide  variance  in  concent  rat li>ns  at  low  flow.  The  mean  ratio  of 

Ft'  -F  to  total  F  was  0.48.  This  ratio  was  in  general  agreement  with 
4 

(hnernlk  (1977)  and  Is  an  estlm.ate  of  the  fraction  of  hloavailahle 
phosphorus . 

N  i  t  rogen 

19.  Total  soluble  Inorganic  nitrogen  (TSIN  -  NO^-N  +  Nl'^-N  + 

N)  is  a  measure  of  several  av.iilahle  forms  of  nitrogen  required  for 

plant  growth.  The  mean  TSIN  concentration  of  0.11  mg/?  (Table  1)  w.is 

relativi'ly  low  and  comparable  with  Sawyer's  critical  nitrogen  conc»'n- 

t rat  ion  of  0.2  to  0.  I  mg/?  (Sawver  1914).  Me.in  nitrate  (NO^-N)  and 

.immonium  (Nll,-N)  coiu'ent  rat  ions  were  O.Ohb  and  0.041  mg/?,  respectively. 

4 

All  nitrite  (N0.,-N)  ci'ncent  rat  ions  were  less  than  detection  limits. 
Concent  rat  Ions  of  all  forms  ol  nitrogen  wer»'  generally  higher  during 
the  spring  flooil  (i>.g..  Figures  17  aiul  18),  hut  vai  ied  wiili'lv  .u  K'w 
flt>w  and  from  ye.ir  to  year  (Figures  10  and  11). 

Silica 

20.  Silica  is  required  by  diatoms  in  the  synthesis  ot  tl\eir  t rus- 
tule  cell  structure.  When  ci'ucent  r.it  Ions  fall  below  0.1  mg/?,  nu>st 
diatoms  canni't  ettectively  compete  with  nons  i  1  1  ceous  .ilg.u'  (Wetzel  1971). 
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In  thn  Willi  Klco  Klvt'r,  sllli-a  ooiu-i'ni  rat  inns  ranni'il  1  riMii  1  . 'i  1 1'  .’I'.O 

(Tal'li'  n.  I’lu'  moan  oonooiU  rat  i  in>  was  I  i.  t  ing/C.  No  pri)!' li-ms 
worn  ant  lo  ipat  Oil  wltli  sitloa  limiting,  t  l\o  illatom  poini  I  at  1  on . 

Alka_^tnitv  aiui 

i?l.  riio  avorap,o  alkalinitv  ami  i'll  in  tl\o  Wllii  Rloo  Rivor  ilnrinp,  t  l<i' 
I  yoars  woro  248.0  mp,/V  as  t\'ift' ^  ami  8.2,  rospoot  I vo!y  .  Tlu'  rosi'oot  Ivi' 
ranp.i's  won'  ISO.O  to  147. t)  mg/t’  .iiul  7.  .1  to  8.8.  Oiirinp,  1^7(',  I'U  varii’il 
por  ioil  1  oa  I  I V  iV'ip.nro  posslMv  lino  to  raint.ill.  Tlio  \'ll  aiul  i’t\ 

I'onoont  r.-U  ions  aro  invorsolv  rolatoil;  as  r.iin  I  .i  I  I  s  I  hroiip.li  I  lio  alitu's- 
phoro,  it  I'ooomos  satnratoil  w  1 1  li  t’l\ ,  aiul  sinoo  rain  ilroplots  aro 
ossontlallv  nnlniiloroil,  t  ho  I’l'.,  oonoont  r.at  ions  liopri'ss  t  lio  pH  v.ilni's. 
Thoso  ovolos  ohsorvoil  in  pH  ilnrinp,  147(i  oorrosponil  with  storm  I'vonts. 

22.  Tl»o  intoraotion  ot  pH  ;inii  I’tV,  also  Inllnonoos  ot  Iior  ohomii’al 
oonst  1 1  nont  s  snoh  .is  I'hospliorns.  At  pH  (>  ami  .ihovo,  prop.ross  i vi’ 1  v 
p.roator  amounts  ot  phosphato  aro  .issoo  lat  oil  with  oalolnm  tWot/i'l  IH7M. 
Sinoo  plu'si'hato  oonoont  rat  ions  an'  Ronorallv  in  tlio  mli'ro|',r.im  pi't  lltvo 
ranp.o  .ami  I'.alolnm  .ami  othor  major  ration  oonoont  rat  ions  a»i'  In  t  hi' 
milligrams  \'or  I  1 1  ro  rango,  oi'mi'Iox  lorm.atlons  ol  thoso  o.al  ions  willi 
phosph.ati'  .anions  will  h.avo  littlo  ol  foot  on  t  ho  o.at  ion  il  I  st  r  i  hut  ion , 
hut  will  havi'  .'i  proli'umi  olti'ot  on  t  ho  phosi'hato  il  i  st  r  i  hnl  i  on  fWoti’i'l 
l'>7S>.  Wi'lzol  (1‘17'>)  Inrthor  st.itoil  th.al  in  .a  soliition  at  )'H  7  without 
othor  oomponmls,  40  mg/'i  of  oaloinm  will  limit  t  ho  solnhilltv  ol  pl>os- 
phalo  to  al'ont  10  |ig/f’,  whoro.as  .a  oaloinm  oi'iioont  r.al  Ion  ol  UHl  mg/V' 
will  limit  t  ho  oipiilihrinm  valno  ol  phosi'hati'  to  1  pg/v'.  In  aililition, 
thsiiki  aiui  W0I7.0I  (1*1721  fonml  that  Inon'asing  pH  lo.iils  to  o.iloliim 
o.arhon.'ilo  foim.alion  anil  t  ho  ooproo  1  p  i  I  .'it  I  on  ol  phos\'h;it  o  with  I  ho 
oarhonalo.  Tho  rolatlvolv  high  alkal  Initios  anO  pH's  m.av  rosnlt  in  .an 
.•ipi'foo  I .-ih  lo  oonoont  r.'i I  Ion  ol  t'.at'iV^  .'tmi  oo|m  oo  i p  i  t  at  ion  ot  plu'sphovns  In 
tho  proposoii  Twin  V;>llov  l.aki'. 

Spot'll  lo  oomlnotanoo 

21.  Spool!  lo  ooniinotanoo  provlilos  .an  ostimato  ol  a  waloi  's 
oap.aollv  lo  oominot  an  olootrio.al  onrront  .  This  I'.ap.aollv  Is  ri'l.ati'il 
III  tho  oonoont  r.'it  I  ons  ol  lonizoil  snhslanoos  in  tho  w.at  oi  .  Si'oollio 
ooniinotanoo  o.an  ho  moasnroil  roailllv  in  tho  lioKI  aiul  proviiii's  a  longh 


estimate  of  the  total  dissolved  solids  (TDS)  concentration.  In 
general,  TDS  is  60  percent  of  the  specific  conductance  value.  This 
general  relationship  is  apparent  in  Table  1  except  for  1975.  During 
the  wet  year,  1975,  TDS  was  approximately  75  percent  of  specific  con¬ 
ductance.  The  TDS  values  are  all  less  than  the  recommended  maximum 
value  of  500  mg/Z  for  irrigation  water  but  are  greater  than  the  EPA 
criterion  of  250  rng/H.  for  domestic  water  supplies  (EPA  1976). 

Fecal  conforms  and  streptococci 

24.  Counts  of  fecal  coliform  and  total  streptococcus  bacteria 
Indicated  no  public  health  problems  related  to  body  contact  recreation 
(Table  1).  All  fecal  coliform  counts  except  one  were  less  than  the 
Environmental  Protection  Agency  (EPA)  criteria  and  the  Minnesota  stand¬ 
ard  of  200  colonies  per  100  ml  for  bathing  waters.  The  maximum  of  390 
colonies/100  ml  occurred  after  a  summer  rain  storm. 

Discussion 

25.  Care  must  be  taken  in  extrapolating  data  from  the  stream  to 
the  impoundment  because  of  the  change  in  flow  regime.  As  the  water 
flows  from  a  riverine  environment  into  a  lake  environment,  its  depth 
and  travel  times  increase  and  turbulence  decreases.  There  is  less  sur¬ 
face  aeration,  more  decay  per  unit  distance  traveled,  and  more  oppor¬ 
tunity  for  particulate  matter  to  settle.  Therefore,  water  quality 
consltutents  that  decay  with  time  and/or  adhere  to  particulate  matter 
should  be  found  in  smaller  concentrations  in  the  impoundment  than  in  the 
stream,  provided  no  other  source  exists. 

26.  It  is  also  important  that  the  data  be  representative  of  a  va¬ 
riety  of  flow  regimes  and  that  the  data  only  be  used  within  its  con¬ 
fines.  Time  histories  of  flow  for  the  3  years  of  data  Illustrate  dif¬ 
ferent  hydrologic  regimes  (Figures  20-22) .  Two  major  floods  occurred  in 
1975.  The  first  flood  resulted  from  spring  snowmelt  while  the  second 
resulted  from  a  midsummer  storm.  In  contrast,  the  spring  snowmelt  was 
much  less  in  1976  and  virtually  nonexistent  in  1977.  Most  of  the  data 
collected  during  these  3  years  were  representative  of  dry  and  wet 
extremes.  Very  little  data  were  collected  under  "average"  conditions. 

27.  DO  concentrations  were  near  saturation;  however,  the  high 


BODS  In  I*)??  ooiihi  posi*  a  poti-ntlal  1)0  doplot  ii)n  probU'm,  as  liofav  p«M' 
unit  dlstani'i'  traveled  Increases  In  the  proposed  reservoir. 

28.  I’hosphoriis  concentrations  in  tlie  river  were  typical  ol  nonj'ol- 
liited  waters  while  nitro>;en  concentrations  were  low.  Concent  rat  iinis  ot 
both  nutrients  slioiild  be  lower  in  the  impoundment  than  in  the  river, 
provided  no  otlier  sources  exist.  The  mean  N/1’  rat  ii'  (i.e.,  TS1N/(1’0  -I’V 
was  5.4.  The  existing  water  quality  data  for  the  Wild  Rice  River  in- 
idicated  no  major  water  quality  problems  for  proposed  Twin  Valley  Lake. 

National  Kutrophicat ion  Survey  Data 

29.  In  1972,  the  Kl’A  initiated  the  National  Kut  roph  icat  ii'n  Sur¬ 
vey  (NFS)  to  Investigate  the  threat  of  accelerateil  cut  ri>ph  i  cat  ion  to 
freshwater  lakes  and  reservoirs.  Trom  1972  to  197b,  81S  lakes  ;ind 
reservoirs  were  surveyed  to  determine  physical  and  chemical  characti'r- 
Istics;  trophic  state;  nutrient  sources,  U>ads ,  ;ind  controllability;  and 
limiting  nutrients.  In  Minnesota,  78  lakes  were  surveyed  during  1972 
and  in  North  Dakota,  14  lakes  were  surveyed  during  1974.  Although  each 
lake  was  sampled  only  three  times  during  the  year,  the  number  of  lakes 
surveyed  make  a  reasonable  data  base  to  comiiare  and  evaluate  the  water 
quality  and  eutrophication  potential  of  proiHised  Twin  Valley  b.ake. 

30.  Selected  physical,  chemical,  and  biological  iiarameters  taki'u 
from  the  NES  data  are  summarized  in  Tables  2  and  3  for  27  lakt's  and 
reservoirs  located  within  approximately  200  km  of  the  proposed  project. 
Most  of  the  I’arameters  are  self-explanatory.  Ranges  are  given  tor  spe¬ 
cific  conductance,  Secchl  disk  depth,  alkalinity,  pH,  N/T  ratio,  .nul 
chlorophyll  a^.  Specific  definitions  for  symbols  .ind  nonstandard  termi¬ 
nology  are  given  below: 

l.ake  type  -  N  corresponds  to  a  lake  ot  natural  origin  and 
T  corresponds  to  a  man-made  lake  (impoundment)  creatt'd 
by  Impounding  a  stream  or  river. 

Stratification  -  the  strength  of  st rat i t icat ion  is  related 
to  the  maximum  temperature  difference  lu’tween  the  surt.ice 
and  bottom  waters. 

c.  Minimum  DU  -  the  minimum  DO  me.isured  anywhere  in  the  l.ake. 


d.  N/r  ratio  -  tUo  ratio  ol  t ho  moao  in-lako  oltro^on  oonoon- 
t rat  ion  (TSIN)  to  t ho  nu‘an  In-lako  dissolvod  phosphorus 
or  or t hophosphato  oonoont rat  Ion. 

o.  Mmiting  nutrlont  -  dotormlnod  by  tlio  Alg.al  Assay  I’ro- 
oodnro  Tost  IKTA  1971).  Tho  symbol  11  indioatos  unknown. 

I’.hlorophy  1 1  ^  -  tho  .1  indioatos  that  tho  v.iluos  may  bo  in 
orror  bv  i  20  poroont  duo  to  inst rumont at ioi\  probloms  in 
1972. 

g.  Tropliio  st.-ito  -  dotonninod  by  oorap.ir  ing  tho  moasurod  phos¬ 
phorus  loading  rato  with  thoso  proposod  bv  Vol lonwo idor 
(197S).  Tho  symbols  I’,,  M,  and  l>  oiu  rospond  t  ii  outrophio, 
mosot  ropli i  0  ,  .and  ol  igot  roph  io  ,  rospoot  i  vol  y  . 

.Spooilio  intt'im.it  ion  on  NKS  s.ami'ling  motliods,  analytloal  proooduros, 

oto.,  can  bo  found  in  KI’A  (.1974,  197S). 

11.  Tho  lakos  llstod  in  Tahlo  2  woro  vostrlotod  to  tiioso  loo.atod 
wltliln  200  km  of  tho  propi^sod  pro^oot  to  minimizo  goograi'h  i  oa  1  ,  hvdro- 
logloal,  and  motoorologioal  dlfforonoos.  Tho  mali'ritv  of  tho  lakos  wimi' 
oast  of  tho  proposod  proloot.  Norphomot r ioal Iv ,  tho  lakos  variod  in 
surfaoo  aroa  from  28  to  AS, TOO  ha  .and  in  moan  doptb  from  1.2  to  IT.l  m. 
Of  tho  27  lakos  listod,  IS  had  surf.aoo  aroas  groator  than  jiroptisod  TVin 
V.alloy  I.ako  (218  ha)  and  1(>  had  groator  moan  dopths  (i.o.,  TVin  V.allov 
l.ako  =  A.  2  m)  . 

12.  Proposod  TVin  V.alloy  l.ako  diffors  from  tho  lakos  listod  in 
Tablo  2  in  two  rospoots.  I'irst,  all  of  tho  Minnosota  l.akos  .art'  n.atui.al 
lakos.  In  many  inst.anoos,  natur.al  lakos  and  rost'fvi'irs  dilft'r  .signili- 
oant  Iv  (Baxtor  1977).  Sooi'iul,  tho  moan  hvdraulio  rosltlonoo  t  imt'  I  t'r 
proposod  TVin  V.alloy  l.ako  is  O.Ob  yoars.  This  t  imo  is  U'ss  than  t  ho 
0.1  to  12.7  yoars  listod  in  Tablo  2.  Tho  six  Ni^rth  O.akota  rosi'rvi' i  rs 
had  rosldonoo  t  imos  groator  than  O.bS  yojirs. 

TT.  A  rol.ativo  moasuro  of  tho  light  ponotration  in  a  lako  is  tho 
Sooohl  disk  dopth.  Tho  Sooohl  disk  dopths  in  Tablo  2  variod  t  lami  0.1  to 
A. 3  m.  Tho  largost  variation  in  any  ono  lako  was  O.l  to  2.9  m.  Wlu'n 
comparod  with  natural  lakos,  tho  impoundmonts  woro  oh.ar.'U'l  or  i  z*'d  bv 
.smaller  minimtim  Sooohi  disk  dopths.  Seasonal  variations  within  impouiui- 
monts  and  lakos  woro  similar.  Proposod  TVin  V.illoy  l.ako  should  li'lUiw 
this  pjtttorn. 

lA 


34.  The  strength  of  thermal  stratification  was  determined  by  the 
maximum  temperature  difference  (AT)  between  the  surface  and  bottom 
waters.  All  of  the  lakes,  except  one,  with  mean  depths  greater  than 

5  m  were  strongly  stratified  (l.e.,  AT  >  5*^C) .  Of  10  lakes  with  mean 
depths  less  than  5  m,  6  did  not  stratify  or  were  only  weakly  stratified 
(i.e.,  AT  <  2*^C).  Three  of  the  four  remaining  lakes  that  did  stratify 
strongly  had  surface  areas  less  than  75  ha  and  possibly  were  sheltered 
from  the  wind.  Since  proposed  Twin  Valley  Lake  would  have  a  mean  depth 
of  4.2  m,  a  surface  area  of  218  ha,  and  a  theoretical  hydraulic  resi¬ 
dence  time  of  0.06  years,  it  probably  would  not  stratify  strongly. 

35.  Closely  related  to  thermal  stratification  were  the  existence 
and  extent  of  anoxia.  Anoxic  conditions  were  assumed  to  occur  when  the 
minimum  DO  dropped  below  2  rag/£.  Except  for  one  lake,  the  strongly 
stratified  lakes  (i.e.,  AT  >  5°C)  were  anoxic.  All  of  the  weakly 
stratified  lakes  had  DO  in  the  bottom  waters.  Based  on  this  informa¬ 
tion,  proposed  Twin  Valley  would  probably  not  have  TO  problems. 

36.  Alkalinity  and  specific  conductance  increased  in  a  westerly 
direction.  Alkalinity  varied  from  93  to  730  mg/£.  Nineteen  of  the 
lakes  had  alkallnitles  greater  than  150  mg/£  and  were  classified  as 
hardwater  lakes.  The  pH  varied  from  6.5  to  9.4,  but  most  lakes  were  in 
the  range  7.2  to  8.7.  Specific  conductance  varied  from  150  to  2900 
(jmhos/cm.  The  conductivities  of  22  of  the  lakes  were  greater  than  250 
pmhos/cm.  Eight  of  these  had  conductivities  greater  than  500  phraos/cm. 
If  TDS  is  assumed  to  equal  0.6  times  the  specific  conductance,  then  a 
typical  TDS  concentration  in  the  lakes  would  be  greater  than  150  mg/£. 
Because  proposed  Twin  Valley  is  located  near  the  edge  of  the  moraine 
(Figure  2)  and  its  watershed  extends  easterly,  the  chemical  composition 
of  the  proposed  lake  would  probably  be  similar  to  the  natural  lakes 
found  in  and  near  its  watershed.  The  project  would  probably  not  be  as 
alkaline  as  the  North  Dakota  reservoirs. 

37.  Limitations  of  algal  growth  in  the  NES  lakes  were  determined 
by  algal  bloassays  atvd  N/P  ratios.  The  bloassays  Indicated  nitrogen  to 
be  limiting  in  12  lakes,  phosphorus  to  be  limiting  in  4  lakes,  and  both 
nitrogen  and  phosphorus  to  be  limiting  in  2  lakes.  Results  for  eight 
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lakes  were  not  available  beeause  ol  sample  preservation  problems  In 
1^)72.  The  N/l'  ratios  also  Imllcateii  nitrogen  limitation  in  most  lakes. 
If  an  optimum  N/I’  ratio  of  IS/l  was  used,  tlien  all  of  tlie  lakes,  i-xeept 
one,  liad  an  N/T  ratio  at  some  time  less  than  IS  and  were  nitrogen 
limited.  The  one  remaining  lake  had  an  N/l’  ratio  of  17/1.  In  23  lakes 
the  N/l’  ratios  were  available  for  two  i>r  mori'  sampling  dates.  In  12  of 
these  lakes,  the  maximum  ratio  was  below  lS/1.  Generally,  the  larger 
ratios  occurred  in  spring  or  early  summer.  It  is  therefore  possible 
that  proposed  Twin  Valley  hake  would  also  be  nitrogen  limited  at  some 
time. 

38.  Total  and  accumulated  annual  phosphorus  and  nitrogen  loads 
were  normalized  to  represent  average  conditions  (ETA  197S)  .  These 
were  used  to  determine  tite  trophic  status  of  tlie  lakes.  Based  on 
Vollonweider  (197‘)),  23  of  the  lakes  were  euiri'phic;  I  was  meso- 
eutrophlc;  and  3  were  mesi'trophic.  Since  Vollenwelder  assumed  phos¬ 
phorus  limitation  and  since  a  ma|ority  i>f  the  lakes  we»'e  nitrogen 
limited,  the  trophic  status  in  Table  2  should  be  viewed  with  caution. 
Considering  onlv  those  lakes  where  phosphorus  or  phosphorus  and  nitrogen 
were  limiting,  five  of  six  were  eutrophlc.  Proposed  'I'wln  Valley  haki- 
would  probably  also  be  eutrophlc. 

39.  Chlorophyll  concentrations  varied  from  0.9  to  130  pg/H .  A 
majority  of  the  lakes  had  concentrations  greater  than  20  pg/C. 

Cakstatter  et  al.  (1975)  found  that  lakes  with  chlorophyll  ^  concentra¬ 
tions  over  10  pg/C  were  eutrophlc.  Based  on  this  criteria,  23  of  the 
lakes  tested  in  Table  2  were  etitiA'phic.  Chlorophyll  ^  concentrations  on 
the  order  of  20  to  50  pg/)l  would  probably  occur  in  proposed  Twin  Valley 
bake . 

AO.  Overall,  the  phy top lankton  population  consisted  of  74  percent 
Cyanophyta  (blue-green  algae),  20  percent  Chrysophyta  (yellow-brown 
algae,  diatoms),  5  percent  iTilorophyta  (green  algae),  and  I  percent 
other,  including  I’yrrophvta,  Seasonally,  Chrvsophvta  and  Chlorophyta 
diiminated  in  April;  Cyanophyta  dominated  in  .Inly  and  September;  and 
Cyanophyta  and  Chrvsophyta  dominated  in  October.  Similar  trends  are 
expected  in  proposed  Twin  Valiev  bake. 


41.  In  svunm.uv,  t  NKS  sot  I'toviilovl  ,in  oxtonslvo  sni  vov  ot 

mon'homot  vio.il  Iv  Klittoiont  l.ikos  in  t  t\o  vioinitv  ol  inoposoii  IVin  V.illov 
1  .'iko .  Iktsovi  I'n  t  ho  sniv»'v,  t  ho  ('ii'i'osoii  l.iko  wv'nKt  I'Vv'hiihlv  ht‘  w«'.iklv 
sti.itltiovi  with  IH'  i  St  r  ihnt  oi.i  thton>;hont  t  lu'  w.itoi  oolunin.  Nltio);»n 
wouKl  I'Vi'hnhlv  ho  limiting  ;>t  lo.ist  somo  ot  t  ho  timo.  I'hv  t  op  I  .mk  t  i'n 
h  K'i'ms  on  t  ho  i'Viior  v't  .'0  t ‘'O  ohK't  i'plw  1  1  n  .no  I'li'h.ihU'  with 

t'v.iiu'i'hvt  .1  hoin>;  t  lio  Jomin.ifo  >;t>'n|'.  This  wi'iiKl  ho  oons  i  iit'roii 
ont  fi'i'h  i  0  . 

iHhi'f  Snt  Ti'uiul  i  njt  Impi'iiniimi-nt  s 

4J.  Sovor.'tl  I'thoi  l.ikos  i't  impi'vimlnu'nt  s  In  t  ho  .ii  I'.i  v'l  pii'pi'st’ii 
Twin  V.illov  I  ,iki'  thiit  wot  o  lu't  inolviiU'ii  in  tin-  MS  .i.it.i  hut  h.ivo  ho«'n 

stiiiiioii  inoliivio  Ni'i'th  .inii  Soiitli  Win  l.ikos  tMTiW  I'ttoi  V.iil, 

hlniu'ho,  U'iilkor,  aiui  Ih't'r  l.ikos  O'i't'.V  ISpoi,  p.ivton  Ih’lK'w  Kivii'i  v»' 1 1 
tN.it  iv'n.i  1  I'ii'oont  r  io  .  Ino.  I'l/’i'l.  .inii  1  nko  Oi  wo  1  1  t.Viuiotson  I'*''''. 

I’nt  oftnnnt  olv .  ontsiiio  ot  t  tu'  Nl'S  vintn  .uui  si-U'otOii  stiuiios.  thot«'  is 

littlo  soil'll!  it  io  in!  I'lmst  ii'n  I'li  nu'st  Minnosi'ts  hiki's  U  itmti' K'o.  i  i.i  1 
Kosi'.iroh  I'ontof  l‘>,’t'1. 

si.  Vlu'  liikos  iiiui  impi'uiulmont  s  listi'vi  .ihi'vo  .iii'  simil.ii  in  mv'iplu'm 
otiv  .ttui  w.itc'f  iiii.ilitv  1 1'  t  tu'so  s.'iniploii  in  the'  M'S  I’li'pi.im.  I'ht'  l.ikos 
v.irv  in  siiftai'o  nii'.i  t  vi'm  110  t  i'  ‘'('00  h.i  .mil  in  m.ixiiiuim  ih'i'th  t  i  om  i . 

1 1'  IS  m.  llii  1  t  i't  t  ho  iihi'vo  l.tke's  Iwui  siiit.ioi'  .ivo.is  oi'uii'.n  .ih  1 1'  t pi 
posi'ii  IVin  V.illi'v  1  .iki'  iiiul  h.i  1 1  wi'vo  liii'.itot  in  svut.u'i'  .iii'.i. 

Ni'no  i' t  t  ho  Inki's  oxpof  i oiiooii  .nw'xio  Oi'iul  i  t  ie'ns  in  t  ho  hvp.'- 
limnii'ti.  .i  1 1  lu'iiv'.h  tin'  il  i  ssi' I  vi'il  I'xvvn'ii  ilii'ppi'il  hi' K'w  mii/v’  v'li  sovi'i.il 
oooiisions  in  O.ivton  Hollow  Ki'sotvv'ii  tNntion.il  hioi'ontiio.  lin-.  I'i't'''. 
riu'  othoi'  l.'ikt's  woii'  only  s.impli'O  on  1  v'l  .'  il.ivs  sv'  .inv  .iiu'xiv'  ooiulit  ii'ti 
th.it  mijiht  h.'ivo  oooiirroil  Oi'iiUl  h.ivo  boon  missoO.  I'ho  Sooohi  Oiso  tt.ins- 
p.iionoios  v.itiv'.oil  t  lom  O.S  1 1'  .'.1  tii.  This  is  oonii'.it  .ih  lo  with  !  ho  hottom 
Is  pofoont  ot  Sooohi  Oiso  !  i  .insp.ii  ono  i  os  moiisiivoii  on  othoi  Minnosot.i 
liiki's  tl.imnolov'.ionl  Koso.iioh  I'ontoi  I'l't'l. 

sS.  riio  tot.il  phosphorus  Viiluos  within  t  ho  pov' 1  v.iiioii  t  i  v'm  0.01  t 
O.SO  m^/i.  I'ho  hi>ihor  tot.il  I'hosphorns  ov'noont  i  .it  i  ons  wi'to  t  I'liinl  in 
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llayton  Hollow  Reservoir  and  were  associated  with  the  waste  treatment 
facility  above  the  project  at  Fergus  Falls  (Nat li'nal  Biocentric,  Inc. 
1^76).  Nitrate  and  ammonlvim  values  ranged  from  0.0  to  O.s  and  from 
0  to  0.4  mg/(,  respect  ivelv.  The  iiigiier  values  wore  again  assocl.ued 
wltli  Oayton  Hollow  Reservoir.  The  piivt oplankt on  composition  is  also 
simll.ar  to  th.it  found  in  tl>e  NFS  lakes.  Ttie  ('vaiu'>plivta  (blue-greensl 
dominated  the  ptivtoplankton  assemblage,  comprising  7d  percent  of  the 
annual  standing  crop  (numbers/ml .  ITie  t'lilorophvta  (greens')  and 
Clirysoplivta  (yellow-browns,  dl.Uoms)  comprised  8  and  1 H  percent  of  t  lie 
annual  standing  crop,  respectively.  The  Tyrrophyta  (d i not lage 1 1  at es ^ 
and  others  again  comprised  approximatelv  I  percent.  The  lakes  can  be 
considered  moderatelv  alkaline  with  alkalinity  values  ranging  from  148 
to  220  mg/( , 

4h.  The  nutrient  loadings  and  productivity  estimates  in  Oavton 
Hollow  would  suggest  the  development  of  .inoxlc  conditions.  However,  two 
factors  ameliorate  the  situation  (National  Biocentric,  Inc.  l^lTpi. 

First,  the  reservoir  onlv  stratified  intermittently  and  then  for  short 
periods.  Second,  the  annual  hydraulic  residence  time  was  4,4  days, 
indicating  rapid  water  exchange. 

47.  Oenerally,  the  lakes  and  reservoirs  in  the  vicinity  of  pro¬ 
posed  Twin  Valley  Take  can  be  considered  eutrophic.  Froposed  IVin  Valiev 
Lake  will  probably  be  of  similar  trophic  status. 


PART  IV:  AU'.AL  BIOASSAVS 

A8.  Algal  bloassays  were  conducted  on  water  samples  collected  at 
the  proposed  Twin  Valley  project  site  to  determine  the  nutrient  (s')  po¬ 
tentially  limiting  phytoplankton  growth  and  the  availability  of  tlie  nu¬ 
trients  for  plankton  uptake.  The  analyses  were  performed  by  the  Utah 
Water  Research  I.aboratory  (UWRL),  Utali  State  University,  Logan,  Utali 
(Appendix  A).  This  information  was  recjulred  to  determine  if  update 
data  required  modification  and  to  select  appropriate  coefficients  for  the 
mathematical  ecological  simulations. 

49.  An  assumption  of  the  mathenuit ical  ecological  model  used  in 
this  study  was  that  all  nutrient  Inputs  were  In  a  100  percent  available 
form  for  phytoplankton  uptake.  If  only  a  fraction  of  a  nutrient,  e.g., 
phosphorus,  was  available  for  growth,  then  the  Input  data  should  be 
modified  to  reflect  this  availability.  In  additiori,  model  coefficients, 
such  as  half-saturation  coefficients,  must  be  selected  to  reflect 
nutrient  concentrations  and  the  limiting  nutrient.  The  various  nutrient- 
loading  models  vised  to  predict  trophic  status  also  require  a  priori 
knowledge  of  the  limiting  nutrient. 

50.  Water  samples  were  collected  at  the  proposed  project  and  at 
Dayton  Hollow  Reservoir  by  IJ.  S.  Army  Engineer  Waterways  Experiment 
Station  (WES)  and  U.  S.  Army  Engineer  District,  St.  Taul  (NCS)  personnel 
on  10-11  April  and  by  NCS  personnel  on  11  duly  1978.  The  specific 
sampling  locations  were: 

Wild  Rice  River  at  Twin  Valley  Cage  (Sample  No.  1). 

b.  Wild  Rice  River  inflow  to  Lower  Rice  Lake  (Sample  No.  2). 

£.  Wild  Rice  River  near  Faith,  Minnesota  (upper  end  of  the 
proposed  conservation  pool)  (Sample  No.  3). 

Dayton  Hollow  Reservoir  depth  integrated  sample  at  midpool 
(S.ample  No.  4)  . 

jc.  Ottertail  River  inflow  to  Dayton  Hollc>w  Reservoir 
(Sample  No.  5). 

51.  The  sampling  locations  on  the  Wild  Rice  River  are  shown  in 
Figure  2.  Dayton  Hollow  Reservoir  is  located  near  Fergus  Falls, 

Minnesota  (Figure  1).  Dayton  Hollow  Reservoir  was  selected  as  a 
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s.impliiiy.  s  i  1 1-  to  oompat'o  iw-lako  mitriont  oonootu  rat  ious  ani.1  avalla- 
I’ilitv  witli  rivoviiio  oondit  li'iis.  Siiioo  Pavti’n  Hollow  Kot^orvoir  Is 
nu'rplu'motr  ioal  Iv  similar  to  proposoii  IVln  Vallov  1  ako  aitii  siiioo  I'otli  aii' 
looatoil  v'n  t  lu'  t’liktt’  ot'  t  lio  moraino,  Pavioii  Hv>llow  Ki’sorvotr  sluniKi  pro¬ 
viso  a  itovHi  aualo>;v  to  propv'soii  Vwin  Vallov  lako. 

SJ.  Wator  samplos  woro  takoii  twioo  liiiriiik;  l^>‘'t'  tv'  viv'tormiiio  soasv'u- 
al  varlatii'ns.  I'lu’  10-11  April  viato  was  si'lov'tovi  tv’  iv’pri'sont  siu’wmv'lt 
ruiu't  I  wliilo  11  Jitlv  was  solootovi  tv'  roprosont  sunuiior  I'aso  t  U'w.  I'ro- 
1  imiiiarv  I'SOS  t  U'w  viata  iiulioatovl  tliat  tlio  poak  viisoharpo  ot  182  m'/sov- 
ooviirrovi  at  I'wvn  Vallov  on  7  April.  I'ltls  ovoat  was  tho  l.\v>',ost  on 
rov'v'fvi.  I'ho  t'lv'w  v'li  tho  viav  v't'  sampling;  tlO  Aprill  was  77.8  mVsov'. 
riio  sprinv:  saniplo.  thorotoro,  oh.u'aotor  i  rovi  w.itor  v'li  tho  tr.iilinv'. 
sivio  v't  tho  spring  rvmv't  t  hvvlrogr.iph .  Thi'  nii.ilitv  v't  this  w.uor  mav  nv’t 
ho  tho  s.mo  as  that  loviuvl  ,)t  tho  povik  or  on  tho  rising  sivio  v’t  tho 
I'Vviiv’gr.iph  I’ovMiiso  m.iny  w.itor  vin.ilitv  par.imotors  vio  not  K’.kI  prv'pv’r- 
tiv'ii.illv  with  t'lv’w.  Pavton  lU'llv’w  Kosorvoir  w;is  p.irti.illv  ioo  oovorovl 
on  tho  vi.iv  v't  s. imp  ling  (.11  .Apr  ill. 

S  i.  Tho  t  Iv’w  in  tho  KiKi  Kiv-o  Kivor  .it  IVin  V.illov  vinring  tho 
sov'onvi  sampling  trip  (.11  .Uilvl  w.vs  .ippvv’Mim.it  ol  v  2.1  iiT^  sov'.  Vho  mv'.in 
niv’iithlv  t'lv’ws  tor  .'nlv  aiui  .August  .iro  ‘’.f  .iiul  2.^  mV-’iOv',  rospoo  t  ivo  1  v . 
I'ho  sooonvi  s.implo,  thorol'oro,  oharav-t  or  i  .rovl  tho  rivor  .it  l.ito  snmmor 
haso  t'lv'w.  .At  Pavton  Hv-'llow  Kosorw’ir,  t  tio  t  U'W  in  tho  v''ttort.iil  Kivor 
was  high  vino  tv’  vi  r.iinstorm  vhiring  tho  proooviing  wook. 

‘’4.  .All  s.implos  woro  paokovl  in  ioo  .iiivl  shippovl  hv  .i  i  r  troigUt  tv' 
I'WKl  .  I'ho  s.implos  frv'm  tho  t  irst  sampling  trip  woro  violavovi  in  ro.ioliing 
TWKl.;  hv'wovor,  sinoo  thoso  .samplos  woro  still  p.irtiallv  ioovi  npv’ii  .ir- 
riv.il,  tho  I’ioassay  analysos  woro  still  oonviuot ovi .  Upon  .irrival  .it  tho 
rVvKl,  tho  w.itor  s.implos  woro  t' i  1 1  ov-st  or  1 1  i  ttovl  to  ronu’vo  iiuligonv’us 
.ilgao  .iiivl  ohomtcallv  analyrovl.  Tho  algal  hio.issays  woro  portormovl 
.looorvi ing  to  KTA  (l'l71l  proooviuros.  Tho  rosnlts  .iro  hriolly  viosorihovi 
in  tho  tv’llv'wing  paragraphs  aiui  prosontovl  in  viotviil  in  Appoiulix  .A. 

SS.  Tho  wator  samplos  takon  in  April  frv'm  tho  WiKi  Kioo  Kivor  .it 
Twin  V.illov  anvi  Faith  woro  ohomioallv  similar.  Orl UopUv'sphat o  oonoon- 
trativ'ns  lO-OS-S  ami  0.0.11  mg/Cl  woro  within  tho  rango  v’f  ov’noont  rvit  iv’iis 
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reported  in  Table  1  but  greater  than  the  mean  concentration.  TSIN  con¬ 
centrations  (1.47  and  1.48  mg/£)  were  two  times  larger  than  the  maximum 
TSIN  concentration  reported  in  Table  1.  These  two  samples  were 
predicted  to  be  piiosphorus  limited  based  on  both  N/P  ratios  and  blo- 
assay  results. 

56.  Tl»e  water  sample  taken  in  April  from  the  Wild  Rice  River  in¬ 
flow  to  Lower  Rice  Lake  was  totally  different.  Concentrations  of  ortho¬ 
phosphate  (0.025  mg/£)  were  much  lower.  Because  this  sampling  site  was 
located  in  the  upper  watershed,  the  low  concentrations  probably  reflect 
the  nutrient-trapping  characteristics  of  the  many  lakes  and  swamps  in 
the  area.  The  N/P  ratio  of  8.6  indicated  possible  nitrogen  limitation. 
The  bioassay  indicated  the  sample  was  only  partially  limited  by  nitrogen. 

57.  During  April,  concentrations  of  PO^-P  and  TSIN  in  Dayton 
Hollow  Reservoir  and  in  the  Ottertail  River  inflow  to  Dayton  Hollow 
Reservoir  were  similar  but  less  than  those  measured  in  the  Wild  Rice 
River.  The  N/P  ratios  for  the  reservoir  and  river  were  22  and  19, 
respectively,  indicating  phosphorus  limitation.  Both  nitrogen  and 
phosphorus  were  found  to  be  limiting  in  the  bioassay. 

58.  The  water  samples  taken  in  the  Wild  Rice  River  in  duly  were 
less  fertile  than  those  taken  in  April.  At  Twin  Valley,  PO^-P  was  0.016 
mg/?  and  appeared  to  be  less  than  adequate  for  growth.  TSIN  concentra¬ 
tions  ranged  from  0.078  mg/Jl  at  the  Lower  Rice  Lake  inflow  to  0.155  mg/? 
at  Faith.  These  concentrations  were  one  order  of  magnitude  less  than 
those  measured  in  April  and  resulted  in  N/P  ratios  less  than  5  (i.e., 
nitrogen  limitation).  Bioassays  confirmed  that  the  sample  taken  from 
the  inflow  to  Lower  Rice  River  Lake  was  nitrogen  limited.  The  bioassays 
were  inconclusive  for  the  samples  collected  at  Twin  Valley  and  Faith 
since  both  nitrogen  and  phosphorus  spikes  were  required  for  growth. 

59.  The  July  nutrient  concentrations  in  Dayton  Hollow  Reservoir 
and  its  Inflow  were  higher  than  those  measured  in  the  Wild  Rice  River. 
Rain  over  the  Ottertail  River  basin  during  the  preceding  week  probably 
accounted  for  the  higher  concentrations.  The  higher  concentrations  in 
Dayton  Hollow  Reservoir  compared  to  its  inflow  probably  resulted  from 
the  peak  stormflow  loadings  to  the  reservoir  having  already  passed  by 
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the  sampling  site  on  tlie  river.  Both  of  tliese  samples  were  predicted 
to  be  nitrogen  limited  based  on  both  N/P  ratios  and  bioassay  results. 

60.  In  summary,  the  chemical  analyses  and  bioassays  from  Dayton 
Hollow  Reservoir  indicated  that  conditions  in  the  reservoir  and  river 
were  similar.  Therefore,  conditions  in  proposed  Twin  Valley  Lake  may 
be  similar  to  those  found  in  the  Wild  Rice  River.  The  bloassays  from 
the  Wild  Rice  River  indicated  that  either  phosphorus  or  nitrogen  could 
be  limiting  and,  at  times,  another  constituent  such  as  carbon  may  limit 
growth.  The  probability  is  higher,  however,  tli.at  phospliorus  mav  be 
limiting  in  proposed  Twin  Valley  Lake  since  some  phosphorus  may  co¬ 
precipitate  out  of  the  water  column  with  CaCXl^  and  because  many  blue- 
green  algae  have  the  ability  to  fix  nitrogen.  The  bioassays  also  indi¬ 
cated  that  the  nutrients  were  in  a  completely  available  form  and  that 
the  waters  of  the  Wild  Rice  River  were  relatively  infertile. 

61.  It  is  Important  to  realize  that  the  algal  bioassays  reflect 
only  the  conditions  occurring  in  the  lacustrine  or  riverine  system  at 
that  instant.  The  limiting  factor  may  change  through  time  to  some  other 
constituent  such  as  carbon  or  light.  Light  is  limiting  in  many  reser¬ 
voirs,  for  example,  due  to  the  high  suspended  sediment  loads  and  resus¬ 
pension  of  deposited  sediments  due  to  increased  wind  velocities.  In 
addition,  the  algal  bioassays  reflect  the  requirements  of  a  single 
phytoplankton  species.  Since  phytoplankton  species  do  not  exist  as 
isolated  entities  but  as  competitive,  interacting  members  of  an  assem¬ 
blage  in  a  natural  system,  care  must  be  exercised  in  extrapolating  the 
results  to  the  prototype  system.  The  purpose  of  the  bioassays  was  not 
to  provide  an  absolute,  time-invariate  answer  concerning  limiting 
factors,  but  rather  to  provide  insight  into  those  factors  that  may  limit 
phytoplankton  growth  during  different  seasons  and  the  relative  magnitude 
of  this  limitation. 
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PART  V: 


MATHEMATICAL  SIMULATIONS 


62.  A  research  version  of  the  Water  Quality  for  River-Reservoir 
Systems  (WQRRS)  reservoir  model  was  used  in  this  study.  The  model  was 
originally  modified  for  the  Hydrologic  Engineering  Center,  Davis, 
California,  by  Water  Resources  Engineers  (WRE) ,  Walnut  Creek,  California. 
This  model  has  been  applied  to  a  variety  of  Corps  of  Engineers  (CE) 
project  studies  in  the  past  (Thornton  et  al.  1976;  Thornton  et  al. 

1977a;  Hall  et  al.  1977;  Ford  et  al.  1977;  Ford  et  al.  1978;  and 
others).  Since  the  1977  documentation  of  the  WQRRS  model  (Hydrologic 
Engineering  Center  1977),  several  significant  modifications  have  been 
incorporated  into  the  model  by  the  Environmental  Laboratory  at  WES.  A 
partial  listing  of  these  is  presented  in  Table  A.  These  modifications 
were  made  to  produce  more  realistic  simulations  of  reservoir  ecosystems. 
Before  results  of  the  model  simulations  made  for  Twin  Valley  Lake  are 
discussed,  it  is  important  to  examine  and  understand  the  major  assump¬ 
tions  and  limitations  of  the  WQRRS  model  since  these  play  an  important 
role  in  the  interpretation  process. 


Major  Assumptions  and  Limitations  of  the  WQRRS  Model 


63.  The  major  assumptions  and  limitations  of  the  WQRRS  model  are 
as  follows: 


a.  A  reservoir  can  be  represented  by  a  vertical  series  of 

one-dimensional  horizontal  slices.  This  implies  that  only 
the  vertical  dimension  is  retained  during  computation. 

Each  horizontal  layer  is  assumed  to  be  completely  homo¬ 
geneous.  Therefore,  all  isotherms  and  all  Isopleths  of 
water  quality  constituents  such  as  DO,  nutrients,  and 
algae  or  other  biota  are  parallel  to  the  water  surface 
both  laterally  and  longitudinally.  In  addition,  all  Inflow 
and  outflow  quantities  and  concentrations  are  instan¬ 
taneously  dispersed  and  homogeneously  mixed  throughout 
each  horizontal  layer  from  the  headwaters  of  the  impound¬ 
ment  to  the  dam.  It  is  not  possible,  therefore,  to  look 
at  longitudinal  variations  in  constituents  such  as  con¬ 
forms  or  phytoplankton. 
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In^onoralj  tho_  vert  io.il  il  imeiis^ions  are  .s|)eeitfeil  (er  tiu’ 
ileej'j^rtt  port  I  mi  of  tlie^  reservoir,  aiul  t  lie  iiuniel  results  will 
lie  most  represent  at  Ive^jit^  miiul  it  ions  in  tliis^area.  Sinee 
this  area  is  usually  near  tlie  strueture,  it  is  lilffieult 
to  ilraw  eoiu'lusions  on  water  (lualltv  eoniiitions  exiieeteil 
to  oeeur  in  eoves,  embayment s ,  or  the  headwater  areas. 
Similarly,  tlie  spec  ( f  i  eat  ion  of  initial  eoiulitions  is  lUr 
the  deepest  area  of  the  reservoir. 

Vertjpal  plaeement  ol  ini  lowinp^  water  within  the  inipound- 
ment  ip_  determined  bv  l t-mpejat nre  pm  1  Vj.  The  liensity  ol  an 
inflow  is  determined  from  its  temperature,  .ind  it  is  plaeeil 
into  the  horizontal  zone  of  eoniparable  density.  Con¬ 
tributions  to  the  density  of  tlie  inflow  I'v  sus|ieiuied  aiul 
dissolvi-d  solids  at'i'  not  eurrently  ineliuli'd  in  the  model. 
I'hi'se  I'ont  r  ibut  ions  may  not  be  sijtnif  leant  in  this  study, 
howevi'r.  in  the  headwaters,  both  deposition  and  Inflow 
mixlny,  oeeur.  I'he  effect  of  each  of  tliese  pnieesses  is  ti' 
decrease  the  contribution  of  susiiondetl  solids  to  tlie  density 
of  the  inflow.  in  addition,  cal eulat iims  show  that  the 
density  contribution  of  suspeiuied  solids  concimt rat  ions  mi 
to  10(10  mg/'i.  is  less  than  the  density  change  resulting  from 
a  U’C  decrease  in  temperature  at 

_Uiternal  dit^iersuMi  of  _tliermal  miergy  and  mass  is  accom¬ 
plished  bv  an  tpf  fee  t  i  ve  diffusion  mechanism  tliat  combines 
the  effei't^*pof  molecular  d  i  ffus  ion,  turbulent  stirring  and 
mixing^,  and  tliernial  convection.  i'he  transport  is  theretore 
assumed  to  I'e  pro|iort  iona  1  to  an  et  feet  ive  ditinsion 
coefficient  aiul  a  concentration  gradient.  It  is  important 
to  noti'  that  although  the  dil  fusion  gradimit  among  layers 
is  basi'd  <in  the  concent  rat  ion  li  i  I  I  eriMices  of  the  individual 
constituents  svich  as  00  or  nitrate,  the  effective  diffusion 
coefficient  is  always  baseil  on  t  empt-rat  ure.  In  many 
instances,  mass  iliffusion  coellicients  may  not  be  equiva¬ 
lent  to  thermal  diffusion  coef f Ic lents . 

Tlup  dviiiinil  cs  of  eap'lp  chem  i  CjiJ  and_  biolop,  ical  component  can 
be  describeil  bv  Conservat  imi  of  Mass  and  t  lu'  Kinetic 
Trlnclp^le.  The  mass  of  elements  such  as  carbon,  oxvgcn, 
nitriigen,  aiul  phosphorus  is  accounted  fvir  bv  considi-ring 
the  inflows,  outflows,  aiul  internal  changes  in  the  liirm  ol 
the  I'li'inents.  The  Kinetic  riinciiile  implies  that  t  lu'se 
internal  changes  occur  thnuigh  rate  processes  such  as 
uptake,  decay,  respiration,  I'lc. 

file  chemiiuit  and  biological  vale  processes  occur  in  an 
aerobic  environment.  While  the  WllKR.S  modi'l  thu's  have  sonu' 
simple  default  algorithms  that  are  called  when  IXi  is  zero, 
the  model  preilictions  are  not  realistic  under  aiu'xic  >.'r 
zero  lilt  eoiulitions.  Tlu-  imuiel  algorithms  were  di'Vi'loped  to 
simulate  the  rate  pri'ci'sses  and  reactions  occurring  niidi'i 
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aorobic  conditions.  This  limitation  results  in  an  ina¬ 
bility  to  simulate  tiie  buildup  of  a  1)0  debt  under 
anaerobic  conditions.  Consequently,  the  model  mav  predict 
the  timlnt;  and  rate  of  DO  increases  following  the  end  of 
anaerobic  conditions  to  be  greater  than  might  actually 
occur.  Also,  changes  in  the  solubility  and  formation  of 
various  chemical  species  and  interactions  between  sediment 
and  water  under  anaerobic  conditions  cannot  be  simulated. 

£ .  T 111  niodel  does  not  contain  an  ice  cover  algorithm.  Sine e 
conditions  under  an  ice  cover  cannot  be  simulated,  model 
predictions  are  limited  to  ice- free  periods. 


SjL^l ection  of  Study 

b4.  Three  years  representing  dry,  wet,  and  average  conditions  were 
selected  to  simulate  the  effects  of  hydrometeorological  conditions  on 
project  water  quality.  Based  on  55  years  of  record  (1910-1917,  1931- 
1977)  at  the  Twin  Valley  gage,  the  dry,  wet,  and  average  study  years 
were  selected  to  be  197b,  1975,  and  1971,  respectively. 

b5.  The  selection  criteria  included: 

j»^.  Years  with  water  quality  data  (1975-77)  were  considered 
f 1 rs  t . 

b.  If  it  was  impossible  to  select  a  year  where  water  quality 
data  existed,  then  a  year  was  selected  as  close  as  possible 
to  the  years  where  d.ita  existed. 

c^.  Consideration  was  given  to  the  distribution  of  mean 

monthly  flows  for  the  period  of  open  water  (March  through 
November)  as  well  as  to  the  ranking  of  the  mean  annual 
flows. 

d.  The  wet  year  was  selected  to  represent  conditions  one 
standard  deviation  above  mean  conditions. 

e^.  The  dry  year  was  selected  to  represent  conditions  one 
standard  deviation  below  mean  conditions. 

bb.  The  mean  annual  flow  at  IVln  Valley  for  the  period  of  record 

3  3 

was  5  m  /sec  with  a  standard  deviation  of  2.8  m'/sec.  Therefore,  the 

q 

wet  year  should  have  a  mean  annual  flow  of  7.8  m  /sec  and  the  dry  year 
3 

should  be  2.2  m  /sec.  The  mean  annual  flows  for  the  study  years,  197b, 

3 

1975,  and  1971,  were  3.1,  10. A,  and  5.4  m  /sec,  respectively.  The 
second  wettest  year  on  record  was  1975,  while  197b  ranked  in  the  h'wer 
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half  of  the  dry  years.  With  the  exception  of  1958,  the  drier  years 
with  ranking  in  the  25th  percentile  or  below  occurred  prior  to  1940.  It 
would  be  Impossible  to  Include  any  of  these  years  In  this  study,  since 
current  land-use  practices  In  tlie  watershed  affecting  water  quality  do 
not  reflect  pre-1940  conditions, 

67.  Tlie  mean  monthly  flows  for  tlie  study  years  were  compared  witl\ 
tlie  mean  monthly  flows  for  the  period  of  record  In  Figure  23.  Tlie  me;m 
montlily  flows  for  1971  were  near  the  long-term  mean  for  March,  April,  and 
September  (Figure  23a).  3'hey  were  below  average  for  the  period  Nay-. Inly 
and  above  average  in  October.  Tlie  April  through  .hily  mean  monthly  flows 
for  1975  exceeded  the  long-term  mean  plus  one  standard  devi.it  ion.  Only 
in  the  months  of  March,  September,  and  October  did  the  mean  monthly 
flows  fall  below  the  long-term  mean  (Figure  23b).  In  197b,  the  mean 
monthly  flows  could  be  considered  representative  of  dry  conditions  with 
the  exception  of  the  period  of  spring  runoff  (March  through  April) 
where  the  flows  were  near  or  above  normal  (Figure  23c). 

68.  Considering  criteria  ^  and  b^  above  and  the  fact  that  mean  con¬ 
ditions  are  seldom  realized  when  dealing  with  natural  phenomen.) ,  1971, 
1975,  and  1976  were  considered  representative  of  average,  wet,  and  dry 
condlt ions,  respect Ively . 


Data  Requirements 

69.  Pata  re<iui  rements  for  the  ecological  model  can  be  c.it  egor  i  zed 
into  initial  conditions,  coefficients,  and  updates. 

Ut  i  tj  aj  _c  ond  iXi  onj? 

70,  Initial  conditions  refer  to  those  th;it  exist  in  a  lake  at  the 
time  tlte  simulations  are  started.  Ideally,  It  wouUl  be  desirable  1 1' 
simulate  an  entire  year.  This  was  impossible,  however,  because  the 
model  covild  not  simulate  the  effects  of  ice  and  snow  cover  (p;iragr;iph 
63).  The  simulations,  therefore,  were  started  at  the  time  of  ice  bre.ik- 
up.  At  this  time,  specification  of  initial  conditions  was  simplified 
because  the  l.ike  could  be  assumed  to  be  isotropic  (well  mixed)  due  1 1' 
spring  turnover. 
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71.  Little  Information  on  the  time  of  Ice  breakup  was  found  for 
lakes  in  the  vicinity  of  proposed  Twin  Valley  Lake.  Dates  of  ice  out 
were  available  from  Ford  (197(i)  for  natviral  lakes  located  in  the 
Minneapol Is-St .  I’aul  metropolitan  area.  The  dates  for  the  study  years 
1971,  1975,  anti  1976,  were  15  April,  26  April,  and  28  Marcli,  respec¬ 
tively.  Since  Minneapol  i s-St .  Taul  (latitude  A5*’)  is  south  of  the 
proposed  project  (latitude  47. ice  out  would  probably  be  expected  to 
occur  later  at  Twin  Valley.  This  may  not  necessarily  be  true  because, 
in  general,  the  ice  usually  poes  out  sooner  on  reservoirs  than  natural 
lakes  due  to  the  large  inflows  during  the  spring  thaw. 

72.  The  spring  flood  peaked  at  Twin  Valley  on  10  April  1971, 

19  April  1975,  and  28  March  1976.  These  dates  are  within  1  week  of  the 
dates  of  ice  breakup  of  natural  lakes  in  Minneapol 1 s-St .  Paul.  Tlie 
temperature  of  the  Wild  Rice  River  on  19  April  1975  was  I'^C.  Consider¬ 
ing  tills  temperature,  the  heat  of  fusion  of  water,  the  large  flows,  and 
the  general  condition  of  the  ice  during  this  time  of  year.  It  is  proba¬ 
ble  that  the  Ice  would  break  up  with  the  spring  flood  or  shortly  there¬ 
after. 

73.  It  was  therefore  assumed  that  the  perioil  of  ice  breakup 
coincided  with  the  peak  of  tlie  spring  flood.  Simulations  were  started 
on  10  April  1971  (day  100),  19  April  1975  (day  109),  and  28  March  1976 
(day  87).  This  assumption  has  the  additional  advantage  of  including  at 
least  part  of  the  spring  runoff  in  the  simulations.  Since  a  nvijor 
portion  of  the  loadings  to  a  reservoir  may  occur  dviring  this  event.  It 
Is  Important  to  Include  as  much  of  the  event  as  possible. 

74.  During  the  peak  of  the  spring  flood,  mean  residence  times  in 
the  proposed  impoundment  would  be  3  to  4  days.  Inflow  densimetrlc 
Froude  numbers  would  be  greater  tlian  one  indicating  plug  flow.  Clianges 
In  the  flow  regime  from  river  to  reservoir  would  tlierefore  be  negligible 
and  conditions  within  the  proposed  reservoir  would  be  similar  to  con¬ 
ditions  in  the  river.  Initial  conditions  for  the  proposed  reservoir 
were  therefore  assumed  to  be  similar  to  those  in  the  Wild  Rice  River  at 
the  start  of  the  simulations.  This  assumption  was  substantiated  with 
data  taken  from  the  Ottertall  River  and  Dayton  Hollow  Reservoir 
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(paragraph  57)  where  nutrient  concentrations  In  the  lake  and  river  were 
s Imi lar . 

75.  The  initial  conditions  for  the  3  study  years  are  given  in 
Appendix  D.  Initial  temperatures  were  assumed  to  equal  the  average 
equilibrium  temperature  for  the  preceding  10-day  period.  The  00  concen¬ 
trations  were  assumed  to  be  saturated  at  these  temperatures.  Initial 
standing  stock  estimates  for  the  three  fish  compartments  and  for  the 
benthos  and  zooplankton  compartments  were  obtained  from  Peterson  (1976) 
and  Peterka  and  Knutson  (1970).  Algae  concentrations  were  determined 
from  data  on  the  Wild  Rice  River  (USOS  1976,  1977)  and  data  on  sur¬ 
rounding  lakes  (paragrapli  42).  Organic  sediment  was  calculated  from  tlie 
soil  samples  used  in  Appendix  B.  Initial  conditions  for  all  other 
constituents  were  assumed  equal  to  those  measured  in  the  Wild  Rice  River 
at  tlu'  time  the  simulations  were  started. 

Coef  f icients 

76.  Coefficients  required  to  simulate  proposed  IVln  Valley  l,ake 
ranged  from  those  that  are  pltysically  definable  and  well  documented  in 
tlie  literature  to  those  that  are  difficult  to  measure  in  either  tlie 
laboratory  or  the  field  and  must  be  quantified,  based  primarily  on  the 
experience  of  the  investigator  and  calibration  runs.  The  coefficients 
used  in  the  base  simulations  are  listed  in  Appendix  D. 

77.  The  coefficients  that  determine  tl>e  liydrothermal  regime  were 
determined  by  calibrating  the  model  on  Lakes  Calhoun  and  Turtle. 

Although  these  two  lakes  are  located  a  substantial  distance  from  the 
project,  they  do  have  surface  areas  similar  to  proposed  Twin  Valley  l.ake 
and  the  mixing  and  heat  budget  coefficients  should  also  be  similar. 
Differences  in  macroclimate  between  the  two  locations  are  taken  into 
consideration  by  the  meteorological  updates.  The  calibration  Is  dis¬ 
cussed  in  detail  in  a  later  section  on  thermal  simulations. 

78.  Since  the  ecological  model  has  the  capability  to  simulate  tlie 
phytoplankton  dynamics  with  only  two  compartments,  the  species  of  phyto¬ 
plankton  listed  in  Table  5  were  aggregated  into  two  groups.  Lewis 
(1977)  found  strong  correlations  in  net  growth  rate  among  abundant 
species  at  Intradivislonal  levels.  Using  this  criteria  and  the  fact 
that  the  blue-green  algae  contributed  75  percent  ol  the  phytoplankton 
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sliUKiiim  crop  (.uiimln'ts/ml)  .  one  conniart  wont  voprosonl  t\u'  k'vaiun'hvt  os 
or  bUio-jiroon  al^ao  (Al.GAK,  2).  Tho  eh  I  oroplivt  os  aiivi  ohrvsoptiv  t  os  or 
grooii  algao  aiui  iliatoms  woro  ap,p,ri’p,at  oit  1 1'  ri-prosont  tlu'  Al.i^Al'  1  oi'iii- 
partmoiU.  Tho  diatoms  aiui  groi'iis  roprosoutod  .’0  and  '■>  iH'roont  ot  t  lio 
phytoplankton  standinp,  crop,  rospoot  ivol  v .  Tlio  p.roon  alp,a«-'  nnii  diatoms 
woro  app,rogatod  sinoo  thoir  soasonal  pliasinp.  was  similar  and  manv  I'l 
thoir  onvlronmontal  ro<ini  romont  s  woro  oomparahlo.  Tl^o  pvrrv'phvtos  wi'ro 
not  litcUidod  In  tho  a>;^trop.at  inns  sinco  (ai  thoir  standing  on'p  ropro- 
sontod  only  I  I'orooitt  of  tho  total  and  (h)  littli'  inlormation  oxistod  to 
obtain  tho  various  roniiirod  rato  oi'of  I  i  o  iont  s  and  oonstanis.  riu'  list 
of  spooios  oi'nsidorod  diiriny;  oompartmonta  1  i  rat  ii’ii  and  t  lu'  simnlations 
is  shown  in  Tablo  S,  The'  spooios  ropti'sont  d‘)  pe'roont  I'l  I  lu'  staiuiinp 
orop  witliin  thoir  rospoot  ivo  divisions. 

7d.  Orowth,  rospi  rat  iv'n ,  and  soltlinp,  rate's  aiui  nitre'non,  plu's- 
phorns,  oarheni,  and  light  iia  1  f-sa  t  nral  ieni  oe'e'f  t  i  o  i  e'lit  s  I  I'r  the'  e-e'mparl - 
montal  assomblagos  b.isod  eni  tho  spe'oios  listod  in  Table'  '>  we'ie'  oe'mpile'ei 
freim  tho  litoratnro  (Appondix  K)  .  Tlu'so  r.itos  aiui  oe'o  I  t  i  o  i  onl  s  we'ie' 
woigluod  by  de'minanoi'  (poroont  e'f  oeimpar  t  iiu'nt  alnnuiani-e' i  aiul  the'  nnmbe'r 
of  eioonrronoos  in  tho  snrienind  i  ng  impennuimont  s  te’  e'btain  oe'm\’osite'  rale's 
for  oaoh  aggrogation. 

80.  7.ooplankton  .and  be'nthos  wore'  o.aoh  re'prose'nt  e'd  bv  enilv  enu' 
oompartmont  in  tho  modol.  Tho  oomposition  eil  tho  re'i'plankl  e'n  aiui 
bontluis  assomblagos  in  tho  snrreninei  i  ng  imponndnu'nt  s  was  e'btaiiu'ei  I  re'iu 
I’otorka  and  Knntsem  (1*170),  Ml’OA  (l‘17i),  Ml'tW  (Ih('‘i),  aiui  Ande'rse'n 
(l‘)7'>).  Oooffioionts  woro  solootod  fre'm  tlio  litor.itnro  (Appe'iuiix  T)  te' 
roprosont  tlie.'so  oe'mpe's  i  t  te’ns  . 

81.  Tho  fishory  oe'mpartmonl  s  in  tho  me'dol  .are'  e-ai'.al'le'  e't  simulating 
plankl  ive're'us ,  bont  li  io-f  ood  i  ng,  .aiui  |' i  so  i  ve're'iis  lislu's.  base'll  e'li  inli'r- 
matlon  fre'm  I’t'torsi'n  (1‘17(')  I'n  (isli  pri'dnot  ie'ii  .nui  oi'iiipe's  i  t  li'ii  in  tlio 
Wild  Rioo  Rlvor  watorshod,  tho  fisliorios  wore'  .appe'it  ii'iii'ei  .iiiii'iig  t  lu' 
throo  oi'mpar  tme'iit  s  .  Tho  pl.ankt  ive’rons  oi'iiipartmont  w.as  re'pri'sont  oii  bv 
poroont.agos  of  sliail,  snokor,  orappio,  ;iiid  bnttaU’  staiieiliig  oie'p;  bonthio 
foodors  bv  oarp,  siiokors,  snnfish,  oatllsli,  .and  ii'ok  I'.iss;  .ami  pisoivi'ii's 
by  orappio,  nortiiorn  piko,  o.atflsii,  ve'llow  pi'ioh,  .ami  s.ange'i.  I'l'i'l- 
lioli'iits  li'r  those'  rospoot  ivo  oi'mpart  moni  s  wi'ii'  I'bt  .a  i  iii'il  I  ii'iii  li'iiiv  .aiul 


Jenkins  (1977)  and  welglited  to  reflect  ttie  fisheries  compos  i  t  ion  in  eacli 
compartment . 


82.  Other  coefficients  such  as  decay  rates  for  ROO  and  Nil  -N,  etc., 
were  taken  from  Sawyer  and  McCarty  (1987),  Klttrell  and  Furfarl  (IdhJl, 
previous  simulations,  and  other  literature  cited  in  Appendix  K. 


83.  Updates  refer  to  model  inputs  that  vary  with  time.  These 
include  meteorological  data,  flow  data,  and  inflowing  constituent  con¬ 
cent  rat  ions . 

84.  I'he  meteorological  data  were  obtained  from  the  Class  A  weather 
station  located  at  Fargo,  North  Dakota,  ap]>roxlm;ttely  bS  km  southwest 

of  the  proposed  project .  The  3-hr  data  for  cloud  cover,  air  temperaturi' , 
dew  point  temperature,  barometric  pressure,  and  wind  speed  were  averaged 
over  24  hr  to  provide  daily  updates. 

85.  Daily  inflows  to  the  reservoir  were  obtained  from  tlie  DSCS 
gage  at  Twin  Valley.  The  1971,  1975,  and  1976  discharges  are  shown  in 
Figure  24.  The  inflows  were  routed  through  the  reservoir  by  NCS  assuming 
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a  maximum  release  oi  70  m  /sec.  Trolect  operation  of  the  selective 
withdrawal  structure  was  selected  to  meet  a  itatural  temperature  ob)ectlve 
downstream.  This  operation  is  discussed  in  detail  in  a  later  section  on 
thermal  simulations. 

86.  Dally  water  temperatures  were  available  at  Twin  Valley  for 
days  100-119  and  128-144  in  1975,  140-305  in  1976,  and  60-304  in  1977. 
Water  temperatures  were  generated  from  daily  air  temperatv>res  for  1'171 
and  for  1975  and  1976  to  fill  in  missing  data.  The  generation  technique 
assumed  that  both  water  and  a-lr  temperature  could  be  divided  into  a 
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parameters  in  1975,  updates  were  generated  t rom  regression  equations 
based  on  inflow  or  assumed  equal  to  the  mean  value  given  in  Table  1.  In 
all  3  years,  1)0  was  assumed  to  be  94  percent  saturated  (paragrapli  1(0. 

88.  Based  on  a  comparison  of  data  collected  by  the  I’SiIS  (197('i, 

1977)  in  the  Wild  Rice  River  and  data  collected  on  svir  rc>und  ing  lakes,  it 
was  assvtroed  that  no  inputs  of  AhOAK  2  and  zooplankti>n  from  the  river  to 
the  reservoir  would  remain  viable.  The  stream  inputs  for  these  variables 
were  considered  to  be  included  in  the  detritus  updates.  A  fraction  of 
the  ALOAE  1  compartment  was  assvimed  to  remain  viable  in  the  reservoir 
aitd  was  included  as  a  constant  update.  The  fraction  that  was  assumed 
not  to  be  viable  was  included  in  the  detritus  updates. 

Thermal  Simulations 


89.  Thermal  simulations  were  used  to  calibrate  the  mixing  and  heat 
transfer  coefficients  required  for  the  ecological  model  simulations;  to 
evaluate  the  selective  withdrawal  capabilities  of  the  project  with 
respect  to  a  downstream  temperature  objective;  and  to  determine  if 
proposed  IVin  Valley  Lake  would  stratify. 

Calibration  of  thermal  structure 

90.  The  thermal  model  was  calibrated  on  two  natural  lakes  (.vi.-, 
Calhoun  and  Turtle)  in  the  Ninneapolls-St .  Taul  metropolitan  area. 
Although  these  lakes  were  located  approxlmatelv  3b0  km  southeast  of  the 
proposed  project,  they  wore  similar  in  stirface  area  (i.o.,  180  ha  and 
170  ha  versus  218  ha).  Mixing  resulting  from  energy  inputs  through  the 
air-water  interface  (i.e.,  wind  and  natural  convection')  should  therefore 
be  similar  in  the  three  lakes.  Natural  lakes  were  used  in  the  calibra¬ 
tion  to  eliminate  the  mixing  resulting  from  inflow-outflow.  This  mixing 
was  treated  separately  by  the  model  and  including  its  effects  in  the 
calibration  only  complicated  the  process.  TVo  lakes  wt're  used  to  demon¬ 
strate  the  capability  of  the  model  to  simulate  both  deep,  stroitglv 
stratified  lakes  (Calhoun)  and  shallow,  weaklv  stratified  lakes  (Turtlel. 

91.  The  temperature  data  used  to  calibrate  the  model  were  obt. lined 
from  Ford  (1976).  Meteorological  data  came  from  the  Class  A  station 
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located  at  the  Minneapol Is-St .  Paul  International  Airport.  The  simula¬ 
tions  were  started  with  measured  temperature  profiles  on  day  113.  The 
calibration  results  are  shown  in  Figures  25  and  26.  The  model  was  able 
to  simulate  the  onset  and  destruction  of  the  strong  stratification  in 
Lake  Calhoun.  Simulated  temperatures  were  within  2^\'  of  measured  data 
and  the  thermocline  depth  also  agreed.  The  simulation  of  Turtle  Lake 
exhibited  too  mvich  stratification  in  early  summer.  Fall  overturn  was 
simulated  to  occur  at  the  correct  time.  Since  proposed  Twin  Valley  Lake 
would  also  be  shallow,  predictions  of  stratification  should  be  con¬ 
servative. 

Temper.iture  objective 

92.  As  currently  planned,  the  temperature  of  downstream  releases 
would  be  controlled  through  the  operation  of  a  multilevel  selective 
withdrawal  structure.  The  extent  of  control  would,  however,  deiiend  on 
the  in-lake  temperature  structure.  In  this  study,  the  project  was 
operated  to  maintain  natural  stream  temperature. 

93.  The  natural  temperature  cycle  was  determined  by  fitting  a  first 
order  harmonic  to  the  temperature  data  measured  at  IVin  Valiev  from 

1975  to  1977.  The  result  was 


where 


T  =  5.82  -  19.57  COS 

T  =  objective  temperature, 
t  =  time  (Julian  day). 
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The  coefficient  of  determination  was  0.87.  This  ideal  i/.ed  temperature 
objective  is  compared  with  measured  data  in  Figure  27  to  Illustrate  the 
degree  of  scatter  that  can  be  expected. 

Selective  withdrawal  capabilities 

94.  The  selective  withdrawal  capabilities  of  the  IVin  Valiev  proj¬ 
ect  were  evaluated  using  the  thermal  compartment  of  the  ecologic.tl  model 
and  selective  withdrawal  routines  developed  by  the  WES  Hydraulics 
Laboratory.  Simulations  were  made  to  determine  the  feasibilitv  of  meet¬ 
ing  the  downstre.am  temperature  objective. 

95.  The  selective  withdrawal  structure  described  by  K.  W.  beck  and 
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Associates  (1978)  was  used  in  the  initial  simulations.  I'lie  proposed 
structure  consisted  of  two  water  quality  gates  and  two  flood  control 
gates.  The  specifics  of  the  withdrawal  ports  are  given  In  the  following 
tabu la t ion: 


Port  No. 

Center-Line 
Elevat ion 
m  msl 

Size,  m 

Minimum  Flow 
Capacity 
m^/sec 

Maximum  Flow 
Capac i t  y 
m^/ sec 

I 

322.5 

1.37  X  1.83 

0.  14 

7.64 

2 

321.2 

00 

/ 

0.14 

7.64 

2  flood- 

317.0 

1,37  X  3,05 

1.42 

70.08 

gates 


Ttie  structure  is  shown  In  Figure  28  to  illustrate  ttie  relative  location 
of  the  ports. 

96.  Simulations  were  made  for  tlte  3  study  years  to  detemiine  if  t  lie 
natural  temperature  objective  could  be  met  with  this  structure.  Con¬ 
sidering  the  natural  scatter  illustrated  in  Figure  27,  the  downstream 
objective  was  met  in  all  3  years  (Figure  29).  The  port  operations 
required  to  meet  the  objective  are  shown  in  Figure  30.  Kxcept  for 
periods  of  flood  control  operations,  the  releases  were  mainly  through 
the  upper  port. 

97.  To  determine  the  sensitivity  of  the  project  to  meeting  the 
downstream  temperature  objective,  surface  and  bottom  withdrawal  were 
also  simulated.  It  was  assumed  that  during  surface  witlidrawal  all  of 
the  flow,  even  the  flood  releases,  could  be  passed  through  tlie  top  port. 
It  was  also  assumed  that  during  bottom  withdrawal,  the  flow  could  be 
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controlled  down  to  0,14  m  /sec.  From  a  practical  standpoint,  both  of 
these  assumptions  arc  unrealistic  considering  the  structures  described 
in  paragraph  95,  but  they  do  represent  two  extremes.  Figures  31  and  32 
sliow  that  the  temperature  objective  was  met  using  surface  and  bottom 
withdrawal.  Therefore,  selective  withdrawal  is  not  required  to  meet  tlu' 
downstream  temperature  objective. 

Thermal  predictions 

98.  llslng  the  coefficients  obtained  from  tlie  calibration  simula¬ 
tions  and  assuming  selective  withdrawal  capabilities,  the  thermal 
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structure  of  proposed  Twin  Valley  Lake  was  simulated  for  the  3  study 
years.  The  strongest  stratification  was  exhibited  in  1971,  lasting  from 
early  May  through  the  middle  of  July  (Figure  33).  During  this  period  of 
stratification,  mean  monthly  flows  in  the  Wild  Rice  River  and  wind 
speeds  at  Fargo  were  abnormally  low  while  mean  monthly  air  temperatures 
were  near  or  above  normal.  The  more  dynamic  years,  1975  and  197b, 
exhibited  intermittent  periods  of  weak  stratification  (Figures  34  and 
35).  Typically,  these  remained  from  5  to  20  days.  Abnormally  high  flows 
in  1975  and  abnortiutlly  high  winds  in  1976  were  responsible  for  keeping 
the  lake  well  mixed.  In  all  three  years  the  lake  remained  well  mixed 
after  it  achieved  maximum  thermal  energy  content  and  started  to  cool. 

This  usually  occurred  in  late  July  or  early  August. 

99.  Zones  of  inflow  and  outflow  for  the  study  years  are  shown  in 
Figures  36-38.  In  1971,  the  inflow  was  distributed  throughout  tlie 
water  column  except  during  periods  of  stratification  where  it  entered 
the  metallmnion.  The  outflow  was  restricted  to  surface  waters  during 
periods  of  stratification.  In  1975,  except  for  isolated  pockets,  the 
inflows  were  distributed  throughout  and  the  outflows  were  pulled  from 
the  entire  water  column  (Figure  37).  In  1976,  the  inflows  and  outflows 
were  generally  restricted  to  the  surface  waters. 

Water  Quality  Simulations 

100.  Deterministic  and  stochastic  water  quality  simulations  were 
made  of  proposed  Twin  Valley  Lake  to  predict  its  water  quality  and 
trophic  status  and  determine  its  sensitivity  to  various  coefficients  and 
update  parameters.  Although  21  water  quality  variables  were  simulated, 
only  temperature,  DO,  algae,  and  fecal  conforms  are  of  primary  interest 
and  will  be  discussed.  The  remaining  variables  will  be  used  to  explain 
variations  in  these  parameters.  The  simulation  results  will  be  dis¬ 
cussed  according  to  deterministic  simulations,  Monte  Carlo  (stochastic) 
simulations,  and  management  alternatives. 

Deterministic  simulations 

101.  Deterministic  simulations  were  made  of  the  3  studv  years  to 
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calibrate  ttie  model  and  to  check  coefficient  sensitivity  before  tlie 
Monte  Carlo  simulations  were  conducted.  After  several  sensitivity  runs, 
it  was  determined  that  the  initial  coefficients  were  acceptable  and  no 
calibration  was  necessary.  These  coefficients  are  summarized  in 
Appendix  D. 

102.  1971 .  Six  algae  blooms  were  predicted  to  occur  in  1971 
(Figure  39).  The  first  bloom,  ALCAE  1,  started  soon  after  the  simula¬ 
tion  was  initiated  and  persisted  for  approximately  40  days,  attaining  a 
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maximum  concentration  of  approximately  2  g/m  .  Nitrogen  was  predicted 
to  be  limiting  through  most  of  the  bloom.  A  small  ALGAE  2  bloom  immedi¬ 
ately  followed  the  ALGAE  1  bloom.  Its  magnitude  was  limited  by  the 
first  bloom.  Three  large  ALGAE  2  blooms  dominated  the  summer.  The 
blooms  persisted  for  periods  of  15  to  25  days  and  attained  concentra- 
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tions  up  to  9  g/ra  .  Although  the  first  bloom  v''  initially  limited  by 
phosphorus,  carbon  limitation  dominated  through  most  of  the  summer.  A 
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small  ALGAE  1  bloom  (ca  1  g/m  )  was  predicted  to  occur  in  tlie  fall. 

103.  DO  was  principally  controlled  by  algal  blooms  and  thermal 
stratification.  Generally,  the  DO  in  the  surface  waters  responded 
inversely  to  temperature  (Figure  40).  DO  maxima  (ca  130  to  140  percent 
saturation)  occurred  during  phytoplankton  blooms  (e.g.,  days  188  and 
224)  and  minima  (ca  55  to  60  percent  saturation)  occurred  after  the 
bloom  (e.g.,  days  209  and  239).  Three  distinct  periods  of  anoxia  (DO 

<  2  mg/l)  were  predicted  to  occur  in  1971  (Figure  41).  These  periods 
varied  in  length  from  10  to  85  days  and  included  up  to  15  percent  of  the 
lake  volume.  After  the  lake  stratified,  anaerobic  conditions  developed 
in  5  to  10  days,  DO  was  predicted  to  return  to  the  bottom  waters  im¬ 
mediately  at  turnover. 

104.  1975.  In  the  wet  year,  the  first  bloom  of  ALGAE  1  was  de- 
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layed  until  the  river  flow  dropped  below  30  m  /sec  (Figure  42).  At  the 
time  the  bloom  started,  the  theoretical  hydraulic  residence  time  of  the 
lake  was  7  or  8  days  and  carbon  and  light  were  predicted  to  be  limiting 
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algal  growth.  The  magnitude  of  the  first  bloom  was  4  g/m  and  it  per¬ 
sisted  for  approximately  50  days.  A  second  bloom  of  ALGAE  1  started 
immediately  after  the  first  bloom  subsided  but  it  was  overtaken  by  an 
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AI.CAE  2  bloom.  ALGAE  2  had  the  competitive  advantnRC  because  nitrogen 
was  predicted  to  be  limiting.  The  magnitude  of  tlie  ALGAE  2  bloom  was 
7  g/m^  and  it  persisted  about  25  days.  Garbon  and  nitrogen  were  pre¬ 
dicted  to  be  limiting  during  this  bloom.  The  bloom  declined  rapidly 
with  Increased  zooplankton  grazing.  During  the  second  ALCIAE  2  bloom 
carbon  was  predicted  to  limit  algal  growth.  Small  blooms  of  ALGAE  1  and 
ALGAE  2  occurred  in  the  fall. 

105.  As  In  1971,  the  DO  of  the  surface  waters  responded  to  phyto¬ 
plankton  blooms  and  the  bottom  2  or  3  m  went  anoxic  when  the  lake 
stratified  (Figure  A3).  Although  the  lake  was  predicted  to  turn  over 
several  times  during  the  spring  and  early  summer,  anaerobic  conditions 
may  persist  from  day  130  to  day  230.  A  few  days  of  mixing  may  not  be 
sufficient  to  overcome  the  oxygen  debt  that  has  built  up. 

106.  1976 .  Four  major  algae  blooms  wore  predicted  to  occur  in  the 
dry  year  (Figure  AA) .  The  first  bloom  of  ALilAE  1  began  on  day  101  when 
the  river  flow  dropped  below  20  m^/sec.  Phosphorus  was  predicted  to  be 
limiting  during  most  of  this  bloom.  A  small  bloom  of  ALGAE  1  and  ALGAE 
2  followed.  Zooplankton  grazing  regulated  the  size  of  this  bloom  and 
contributed  to  the  decline  of  ALGAE  1.  A  major  bloom  of  ALGAE  1  was 
predicted  to  occur  in  late  duly.  The  bloom  persisted  for  about  2  weeks 
and  had  a  magnitude  of  6.7  g/m^.  This  bloom  was  followed  by  a  l.arge 
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ALGAE  2  bloom  which  had  a  magnitude  of  over  10  g/m  .  Garbon  was  pre¬ 
dicted  to  be  limiting  during  this  last  bloom. 

107.  DO  was  similar  to  1971  and  1975.  Two  m;ijor  periods  of  anoxia 
were  predicted  (Figure  A5) .  It  is  probable,  however,  that  anaerobic 
conditions  may  extend  from  day  115  to  day  205.  As  in  the  other  two 
years,  it  took  5  to  10  days  after  stratification  for  anoxia  to  set  in. 

108.  Fecal  colt  forms.  Gollforms  were  found  not  to  be  a  problem  in 
.any  of  the  study  years.  All  predictions  remained  below  the  standard  of 
200  colonics/ 100  ml. 

Monte  Garlo  simulations 

109.  There  were  insufficient  data  for  an  accur.-Ue  definition  of 
re<|ulred  coefficients  and  updates  for  this  study.  Many  of  the  coef¬ 
ficients  also  vary  with  time  in  a  manner  tliat  is  currently  beyond 
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m'llat  os  oan  I'o  vat  loil  s  Imn  1  I  anoons  I  v  within  |'i  osot  Ihoil  limits  anil  ills 
Itlhnllons.  Si'oo  I  t  I  oa  1  1  v  ,  ni'W  valnos  I  oi  I  ho  ooi'l  11  o  loni  s  .niil  n|'ilalos 
woio  soloi'loil  as  ranilom  I  tom  I  ho  spoillloil  il  I  st  t  I  hut  I  ons  ilnilnj',  oaoh 
I’omi'n  I  a  I  I  ona  1  sto]'.  I'voi  v  simulation  was,  thoiotoio,  ilitloionl.  I'v 
snpof  imi'os  infS  sovof.il  simnlat  ions,  it  was  posslhlo  to  oomi'iito  a  mo, in  .niil 
oonliilonoo  intoiv.il  that  was  t  I  mo-vat  v  I  np  aitil  I  nooi  pot  .a  t  oil  t  ho  nnoot 
t.iintv  anil  vatlattoo  In  t  ho  Ittpnl  il.ila  anil  ooo  I  I  I  o  I  ont  s  . 

111.  0 1  s  I  f  I  hnt  I  ons  .  t'oo  I  1  I  o  I  on  I  il  I  si  t  I  hn  I  I  ons  woto  ilotoimlnoil 

I  tom  ilata  pnhllshoil  in  t  ho  lilot.iinto  tAppoitilix  1'.  Khon  I  hot  o  Vi'ot  o  not 
snilliiont  ilat  .i  to  ilolino  ,t  il  I  st  t  I  hnt  ion  ,  .i  nniloim  il  I  st  t  I  hnt  I  on  w.ts 
assnmoil.  limits  woto  ost  ;ih  1  I  shoil  to  inolnilo  all  known  il.it.i.  I'niloim 
il  I  st  f  Unit  Ions  vtovo  assnmoA  lot  ,i\\  ilooav  tatos,  .ill  sot  t  1  inp,  latos,  .mil 
oathoii  aitil  lipht  ha  1  I -sat  mat  I  on  oool  I  I  o  I  ont  s  .  I'ho  il  I 'it  i  ihnt  ion  ol 
>',t  owt  h  t.itos  loi  I  ho  Al.tlAl'  1  spooios  oxpootoil  to  oi  oni  in  IV I  n  V.illov 
h.iko  w.is  I  oiniil  to  I'O  tl.inss  I  an  ot  ttoim.il.  This  w.is  ,i  1 ':o  toiniil  to  ho  I  i  no 
lot  all  fosp  1 1  .It  I  on  latos  atiil  roop  1  .nikl  on  piowlh  .iiiil  mot  t  .i  1  I  t  v  lato-;. 
riio  il  I  st  I  I  hill  I  on  ol  pfowlli  r.'ilos  lot  I  ho  Al  ilAl'  si'ooios,  oi  hliio  )',i  oon 
.ilp.io,  I  osoiiih  1  Oil  .1  lol.itoil  lop,  noim.il  il  I  s  t  f  1  hnt  I  on  U'ip.mo  il'l  . 

11.'.  Tho  ilisti  ihnt  Ions  lot'  pliosphot  ns  .iiiil  nlltop.on  h.ill  !i, Uniat  ion 
oool  I  I  o  ioni  s  woto  also  I  onitil  to  ho  skowoil  to  tho  loll  t  osomh  1  I  up,  .i  to 
t.itoil  lop,  itofiii.tl  illsliihiil  Ion  (KIp.nio  ‘Wl.  ('no  i  o.ison  lot  this  skowiioss 
ooiilil  ho  tho  .tmh  I  p.nons  ilolinillon  ol  a  onliophio  l.iko.  Sinoo  onlv 
oool  I  I  o  I  ont  s  I  tom  onitophio  lakos  woto  oons  I  ilofoil  aitii  sinoo  tho  hall 
Sill  Ufa  I  ion  oool  I  I  o  I  out  s  Inoioiiso  with  nntiiont  oonooni  t  iit  I  on  Oh'itiltov 
iiiiii  Wi'loh  I'l/l;  I’iiiponloi  iiiiil  ilnllliitil  l‘>71;  Tool;'  ol  ill.  l''7U,  iinv 
onliophio  liiko  ohitfiio  I  oi  I  roil  hv  low  nnirioni  oonoont  i  ;il  Ions  wonlil  .i  I  so 
ho  ohiifitot  Of  ! /Oil  I'v  low  hii  1  I -Siil  ni  ill  I  on  oool  I  lo  lout  s  .  llowovot  ,  ;i  Kiko 
oons  I  ilofoil  onliophio  In  otto  I'iii  I  ol  tho  ooiintiv  itiiiv  not  ho  oonsliloioil 
onlii'i'hlo  In  iiitothoi  pail.  Tho  inolnslon  ol  ooo  I  I  I  o  I  out  s  I  t  om  t  hoso 
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lakes  would  tend  to  skew  the  distribution  to  tlu-  lett.  Anotlu-r  reason 
for  tlie  sliarp  decline  at  larj;e  concentrations  could  be  that  another 
nutrient  Is  limiting. 

113.  The  scatter  plots  of  tlie  updates  with  f  Uiw  (Figures  7-15)  in¬ 
dicated  very  little,  if  any,  relationship  with  flow.  Updates  cif  Al.tbM'. 

1,  alkalinity,  BOi),  ammonium,  nitrate,  fecal  coliforms,  detritus,  and 
phosphorus  were  therefore  assumed  to  be  uniformly  distributed.  Several 
planktonic  diatom  genera  were  indicated  by  tite  UStlS  to  be  present  in  t  he 
Wild  Rice  River.  Assuming  a  liberal  case,  these  diatoms  wer»'  considi'ied 
to  be  100  percent  viable  when  entering  the  proposed  I'win  Valley  l.ake  and 
capable  of  contributing  to  the  Al.CAK  1  assemblage.  The  genera  ol  blue- 
green  algae  found  in  the  Wild  Rice  River  were  not  indicated  in  any  of 
the  surrounding  lakes  and  were,  therefore,  included  in  the  detritus 
updates.  Some  parameters,  such  as  mjiss  fractions  and  stolchionii't  r  ic 
relationships,  were  always  held  constant  to  prevent  mass  imbalances  I  torn 
occurring.  The  coefficients  and  updates  that  were  varied  are  summarized 
in  Table  6. 

114.  The  coefficients  and  upd.ite  values  were  selected  at  random 
from  the  distributions  during  each  time  step.  One  loop  in  t  lie  simula¬ 
tions  consisted  of  simulating  the  Interval  from  ice-out  or  isiU  hernial 
conditions  in  the  spring  to  the  ice  formation  [leriod  in  the  1  .i  1  1 .  The 
initial  conditions  were  reset  and  another  loop  through  t  lu'  simulation 
Interval  was  made,  again  selecting  the  coefficients  at  random.  A  total 
of  30  loops  were  m.ide  for  each  simulation  condition  listed  below. 

115.  Base  condition.  The  base  condition  has  previously  lu'cn 
described  In  the  description  of  the  therm.il  simul.it  ions.  It  consistevi 
of  using  the  selective  withdrawal  structure  proposed  for  I'win  Valley 
Lake  and  the  operational  schedule  provided  by  the  St.  I’aul  Oistrict. 

lib.  Ourlng  1971,  the  average  year,  anoxic  or  low  1H>  conditions 
developed  In  the  bottom  on  three  occ.isions  (Figure  48).  The  hypollmnion 
was  anoxic  for  ca  10  days  from  10  May  to  20  May,  ca  27  days  from  3  dune 
to  30  .lune,  and  less  than  or  equal  to  2  mg/5  for  ca  14  days  1 rom 
7  August  to  21  August.  These  periods  correspomied  to  periiuls  iil  weak 
thermal  stratification. 
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117.  Thoro  w.is  ;i  pt'i  ii’il  ol  i nci  i'.tsi'ii  AI.lwM'.  t  biom;iss  t  v»'>ni  i'.>  ('  N.iv 

t  p  '22  N.IV  (Flgurt'  ,  riu’  maximum  moan  i'inroass  attaiiu'i)  liiirinp,  tliis 
iiK’roasi'  was  l.S  p,/m'.  I'siiig  a  I'l'nvors  ii’it  fartor  fur  plivl  op  1  aiiktun  of 
0.2  i  lirv  woiglit  to  1  iii-t/'I  »’•  oliU'ropliv I  1  a^  (Sp.inulor  iliis 

v'orrosponOoii  to  a  oiiloropliv  11  a  valiio  ot  7.7  A  winv't'  iitovoaso  in 

liiom.iss  ooi'urroO  aroniul  0  Soptorabor  oqnivalont  to  a  oli UTopliy  1 1  a  oi'n- 
oi’iit  r.it  ion  I’f  2.  i  Tlio  AI.t-AK  2  comp.iit  mont  ,  roprosont  in^;  I  lu>  lilno- 

p.roon  alp,ao,  incroasoii  aronnil  8  .Inno  .iiui  romainoil  lU'.ir  or  al>ovo  1.8  m>>/< 
until  approxim.iti’ly  17  tV'tobor  (Kigiiro  SO).  81uo->;roon  alp.ao  b.ivo 
approximatoly  iwioo  tbo  mass  pov  unit  of  cblovopliyll  a  as  otbor  plivti'- 
plankton  spocios  (Kalft  ami  Knooi'liol  1878),  so  tliis  oorrospt'iuloii  ti'  .i 

oil  1  orophy  1 1  ^  value  of  ca  1.8  TIuto  w;is  .-i  pent anunia I  Inero.iso  in 

till’  Al.liAK  2  .issombl.i^’o  liuriiiK  this  porioii  wltli  a  moan  maximum  oiilon>piivl  1 
^  oonoont r.it  i on  of  8.8  pg/S. 

118.  Aiuixio  ootulilions  wore  more  provalont  during  187S,  t  iio  wot 
year  (Kiguro  SI).  Pissolvod  oxygon  oonoont  r.-it  imis  woro  li'ss  tiian  2  mg/C 
or  7,oro  for  lA  days  t  rom  11  N.ay  1 1’  2S  N.ay,  10  days  from  10  Mav  to  8 
■Inno,  11  days  from  17  duno  to  28  Juno,  lA  days  t  rom  1  .i\>lv  to  17  Julv, 
and  8  d.'iys  from  28  duly  to  S  August. 

118.  Tlio  plivt  op  1  ankt  on  biom.iss  w.is  .also  gro.ator  during  187S  than 
1871.  Tlio  Al.t'.AK  1  assi'mli  1  .ago  oxhibitod  inoro.asos  I  rom  oa  20  Mav  until 
17  duno  .ami  17  duly  until  8  August  (Kiguro  S2).  Tho  mo.an  maximum  biii- 
mass  during  those  poriv'ds  was  A. 8  and  2.S  g/m\  rospoot  i  vol  y .  I'his  was 
0((uiv.aIont  to  ohlorophvll  ^  omioont  rat  i  ons  tO  20.8  and  10.7  (ig/C, 
rospoot  1  VO  ly .  The  increase  in  bi'th  t  lu'  Al.tlAK  1  .and  Al.OAK  2  m.ass 
ooourrod  l.ator  in  187S  th.an  in  1871.  The  increase  in  .M.f.AK  2  biom.iss 
W.IS  gro.ator  .and  mi'ri'  distinct  during  187S  than  1871  (Klguro  SI),  The 
lirst  increase  in  biomass  occurred  from  .approxim.at  I’l  v  17  .lulv  to  22 
•August  while  tho  soci'iid  incro.aso  occurred  fr»'m  7  September  t A  ttctv'bor. 
The  moan  peak  biom.iss,  .and  oipiiv.alont  ch  loti’phv  1 1  a  concent  r.at  ions ,  fi'r 
those  two  porioils  wi'ro  b.8  and  8. a  jt/m'  and  IS  and  20  pg/C  ,  rospi'ct  ivo  1  v . 

120.  There  were  tw»>  .anoxic  periods  during  t  lu'  drv  v»'.ar,  187(i 
(I’iguri'  SA)  .  Oissolvcd  oxvgen  w.is  less  th.an  2  mg/C  I'r  .-I'ri’  lor  2S  davs 
from  21  M.av  to  IS  .luiii'  .and  22  »lavs  from  b  ,Iulv  to  28  .Uilv. 
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121.  The  ALGAE  1  assemblage  exhibited  a  trlmodal  Increase  in  bio¬ 
mass  with  successively  decreased  magnitude  (Figure  55),  The  first 
increase  occurred  from  ca  12  May  to  6  June.  A  second,  smaller  increase 
occurred  from  25  June  to  9  July.  There  was  a  very  minor  Increase  around 
25  July.  The  mean  maximum  biomass  and  chlorophyll  ^  equivalent  during 

3 

the  first  increase  was  3.2  g/m  and  13.8  iig/5,  respectively.  The  ALGAE 
assemblage  had  three  distinct  Increases  (Figure  56).  These  blooms 
occurred  from  ca  25  June  to  19  July,  25  July  to  26  August,  and  1 
September  to  15  October.  The  mean  peak  biomass  and  equivalent  chloro¬ 
phyll  ^  concentrations  associated  with  these  three  blooms  were  A. 6,  6.7, 
5.5  g/m^  and  10,0,  14.6,  12.0  pg/d. 

122.  The  onset  of  anoxic  conditions  occurred  anywhere  from  10  to 
21  May  during  the  3  study  years.  The  first  ALGAE  1  bloom  occurred 
sometime  during  6  to  20  May  while  the  first  ALGAE  2  bloom  occurred  from 
8  June  to  17  July. 

Management  alternatives 

123.  Several  alternative  operational  approaclies  were  evaluated  in 
this  study  to  assess  their  impact  on  water  quality,  specifically  with 
respect  to  reducing  anoxic  conditions  and  phytoplankton  blooms,  1'hese 
operational  approaches  included  bottom  and  surface  withdrawal,  lower  and 
higher  pool  elevations,  destratification.  Increased  minimum  releases, 
and  decreased  maximum  releases. 

124.  Bottom  and  surface  withdrawal.  In  general,  no  differences 
were  observed  in  the  water  quality  of  proposed  TVin  Valley  Lake  with 
bottom,  surface,  or  selective  withdrawal  during  any  of  the  studv  years 
except  for  the  ALGAE  2  blooms  during  1975  (Figures  57-74).  With  bottom 
withdrawal,  the  magnitude,  variance,  and  duration  of  the  blooms  during 
1975  were  Increased,  The  mean  peak  biomass  was  9.35  and  10. d  g/m' 
during  the  two  blooms  compared  to  6.9  and  9.2  g/m'  with  selective 

withdrawal,  respectively.  The  peak  value  in  the  95  percent  confidence 
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interval  was  16.6  g/m  with  bottom  withdrawal  versus  13.5  g/m  with 

selective  withdrawal.  The  bloom  extended  beyond  the  termination  date  ol 

14  November  with  bottom  withdrawal  but  was  completed  bv  4  October  with 

selective  withdrawal.  With  surface  withdrawal,  the  magnitude,  variance. 
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and  duration  of  the  blooms  were  decreased.  The  mean  peak  biomass  values 

3 

for  the  two  blooms  were  4.8  and  5.6  g/m  with  surface  withdrawal.  The 

3 

peak  biomass  value  in  the  95  percent  confidence  interval  was  6.9  g/m 

3 

compared  with  13.5  g/m  with  selective  withdrawal.  Although  there  was  a 
minor  bloom  late  in  the  fall,  the  major  blooms  had  occurred  by  28  Sep¬ 
tember  with  surface  withdrawal. 

125.  With  the  exception  of  the  ALGAE  2  blooms  during  1975,  th.ere 
were  no  significant  differences  among  the  withdrawal  schemes  for  the 

3  years.  However,  1975  was  the  second  wettest  year  on  record,  and, 
therefore,  has  a  lower  probability  of  recurrence.  For  the  above  reasons 
and  the  economics  associated  with  a  bottom  withdrawal  versus  selective 
withdrawal  structure,  most  of  the  additional  simulations  were  compared 
with  the  bottom  withdrawal  results  for  the  3  study  years. 

126.  Increased  and  decreased  pool  elevation.  The  general  trend  in 
changing  the  pool  elevation  from  324  m  msl  during  all  study  years  was  to 
improve  the  bottom  DO  concentrations  slightly  by  lowering  the  pool 
elevation  to  322.5  m  msl  and  to  decrease  the  DO  slightly  by  raising  the 
pool  elevation  to  325.5  m  msl  (Figures  75-80).  The  opposite  trend 
occurred  with  the  phytoplankton  assemblages.  Phytoplankton  blooms  were 
enhanced  at  the  lower  pool  elevation  and  diminished  at  the  upper  pool 
elevation  during  all  years  (Figures  81-92).  The  distinctions  among  pool 
elevations  were  exaggerated  again  in  the  ALGAE  2  blooms  during  1975. 

The  phasing  of  the  blooms  was  similar  at  all  three  pool  elevations,  but 
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at  the  lower  pool  elevation  the  mean  maximum  biomass  was  14.5  g/m' 
while  at  the  upper  pool  elevation  the  mean  maximum  biomass  was  7.8  g/m^. 
The  mean  maximum  biomass  at  the  proposed  pool  elevation  was  10.9  g/m'\ 

127.  Selective  withdrawal  was  also  evaluated  at  the  upper  pool 
elevation  for  1975  (Figures  93-95).  The  phytoplankton  concentrations 
were  slightly  less  using  selective  withdrawal  (6.1  g/m^  of  ALGAE  2 
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versus  7.8  g/m  with  bottom  withdrawal),  but  the  anoxic  period  in  the 
hypolimnion  was  extended.  There  were  two  periods  of  at  least  30  days 
of  consecutive  anoxic  conditions  before  the  stratification  was  dis¬ 
rupted  and  oxygen  remixed  into  the  hypolimnion. 

128.  Pest rat  if i cat  ion.  The  average  year,  1971,  was  selected  to 


investigate  the  effects  of  destratification  on  water  quality.  Destrati- 
flcation  was  simulated  by  increasing  the  effective  diffusion  coefficient 
until  complete  mixing  occurred  throughout  the  year. 

129.  The  bottom  dissolved  oxygeii  regime  in  the  pool  increased  dra¬ 
matically  (Figure  96).  At  no  time  during  the  simulation  period  did  the 
dissolved  oxygen  concentration  decrease  below  4  mg/£.  The  dissolved 
oxygen  in  the  bottom  layer  was  usually  equivalent  to  the  surface  layer 
concentrations  (Figure  97). 

130.  Destratification  did  not  alter  the  phasing  or  nuignltude  of 
the  ALGAE  1  blooms  but  did  effect  the  phasing  of  the  ALGAE  2  blooms 
(Figures  98-99).  Destrat 1 f Icat ion  resulted  in  a  greater  distinction 
among  blooms  with  four  blooms  occurring  during  the  same  interval  that 
three  blooms  occurred  in  without  destratification.  The  magnitude  of  all 
the  blooms  was  similar,  however. 

131.  Increased  minimum  releases.  The  minimum  low  flow  release  was 
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Increased  from  0.14  to  0.42  m  /sec  during  1976.  This  was  the  only  year 
minimum  flows  were  reached.  There  was  no  effect  on  the  in-lake  water 
quality  with  this  increased  flow  (Figures  100-102). 

132.  Decreased  maximum  flow.  The  maximum  flow  release  was  reduced 

3 

from  70  to  48.1  m  /sec  during  the  wot  year,  1975.  This  change  signif¬ 
icantly  altered  water  quality  conditions  within  proposed  Twin  Valley 
Lake. 

133.  Hypolimnetic  DO  concentrations  were  lower  for  a  longer  period 
of  the  year  (Figure  103).  Excluding  one  spike  of  low  DO,  the  oxygen 
regime  Increased  after  16  August  with  the  higher  maximum  release.  With 
the  decreased  release,  the  oxygen  regime  does  not  significantly  increase 
above  3  mg/d  until  13  October. 

134.  Both  phytoplankton  assemblages  exhibited  a  significant  re¬ 
sponse  to  the  change  in  releases  (Figures  104-105).  The  mean  peak 
biomass  of  ALGAE  1  in  the  first  bloom  increased  from  4.6  to  13.0  g/m"^ 
with  decreased  flow.  Successive  ALGAE  1  blooms  were  comparable  under 
the  two  releases.  The  ALGAE  2  biomass  also  Increased  dramatically 
(Figure  105,  note  the  change  in  the  ordinate  scale).  The  mean  peak 
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ALGAE  2  biomass  increased  from  10.9  to  40.9  g/m'  with  decreased  flow. 
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The  phasing  of  the  blooms  was  similar  under  the  two  release  schemes. 

135.  Selective  withdrawal  was  also  operated  with  the  lower  release 
to  assess  its  impact  on  water  quality.  The  following  comparison  is 
between  bottom  withdrawal  and  selective  withdrawal  operation  at  the 
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lower  release  of  48.1  m  /sec. 

136.  Selective  withdrawal  did  result  in  an  increase  in  the  DO 
regime  after  16  August  although  it  was  still  slightly  lower  than  the  DO 
during  the  higher  flow  release  (Figure  106) . 

137.  Selective  withdrawal  also  resulted  in  a  reduction  in  phyto¬ 
plankton  blooms.  The  first  ALGAE  1  bloom  decreased  from  a  mean  maximum 

3  3 

biomass  value  of  13.0  g/m  with  bottom  withdrawal  to  9.5  g/m  with 

selective  withdrawal  (Figure  107) .  This  was  still  substantially  higher 

3 

than  4.6  g/m  with  the  increased  release.  The  mean  peak  biomass  of 

3 

ALGAE  2  was  reduced  to  17.3  g/m  with  selective  withdrawal  (Figure  108). 
The  comparative  values  with  bottom  withdrawal  were  40.9  under  the  de- 

3 

creased  flow  regime  versus  10.9  g/m  with  the  increased  flow  regime. 

Discussion 


138.  Before  the  mathematical  simulation  results  are  discussed,  it 
is  important  to  realize  that  ecosystem  modeling  is  as  much  an  art  as  a 
science.  No  model  is  capable  of  predicting  absolute  values.  When 
ecological  systems  are  simplified  to  a  few  compartments  and  coefficients, 
as  is  the  case  with  any  model,  mean  coefficients  may  result  in  predic¬ 
tions  that  are  off  by  as  much  as  an  order  of  magnitude  from  measured 
values.  A  broad  range  of  coefficients  is  necessary  to  define  all 
possible  perturbations  of  the  system.  Monte  Carlo  simulations  represent 
one  way  to  estimate  the  extent  of  these  perturbations.  The  Monte 
Carlo  simulations  also  permit  an  expression  of  the  variability  inherent 
in  the  system.  Associated  with  each  measurement  of  a  coefficient 
or  update  value  is  sampling  error,  experimental  error,  analytical  error, 
and,  in  many  instances,  intrinsic  variability  of  the  organism.  Monte 
Carlo  simulations  are  one  way  of  incorporating  this  variability.  The 
results  have  been  stated  primarily  in  terms  of  the  mean  values  or  the 
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mean  maximum.  Associated  with  each  of  those  mean  values  Is  a  confidence 
Interval  Indicating  that  there  Is  a  range  of  values  that  the  variable 
may  have  at  any  given  time.  It  Is  Important  In  the  following  discussion 
and  subsequent  decisionmaking  process  to  incorporate  the  magnitude  o'" 
the  range  and  not  just  the  mean  value.  A  large  confidence  interval 
about  a  mean  Indicates  that  many  values  are  possible  under  varying  con¬ 
ditions. 

139.  Consideration  must  also  be  given  to  the  model  assumptions  and 
limitations  (paragraph  63),  the  most  important  one  being  the  one- 
dimensional  assumption.  The  predictions  are  valid  only  in  tlie  deep  part 
of  the  pool  near  the  dam,  not  In  the  headwaters,  coves,  or  embayments. 
The  predictions  are  also  valid  only  under  aerobic  conditions.  It  may  be 
possible  to  predict  when  the  DO  goes  out,  but  there  is  no  mechanism  in 
the  model  to  account  for  the  oxygen  debt  that  builds  up  under  anoxic 
conditions.  Lastly,  model  predictions  represent  conditions  after  the 
transients  in  water  quality  from  the  initial  filling  have  diminished. 
This  may  take  5  years  or  more. 

Thermal  simulations 

140.  The  mathematical  simulations  indicated  that  proposed  Twin 
Valley  Lake  would  intermittently  stratify  from  May  through  July. 

Periods  of  stratification  extended  from  5  to  45  days  or  more  depending 
on  hydrometeorological  conditions.  The  downstream  temperature  objective 
was  met  with  surface,  bottom,  and  selective  withdrawal.  A  selective 
withdrawal  structure  is  not  required  to  meet  the  natural  temperature 
objective. 

Water  quality  simulations 

141.  Dissolved  oxygen.  The  simulation  results  indicated  anoxic 
conditions  could  occur  during  Intermittent  periods  of  stratification. 
Considering  the  organic  content  of  the  soil  and  the  watershed  land  use, 
this  conclusion  is  reasonable.  The  model  cannot  presently  simulate 
anaerobic  processes;  however,  default  algorithms  are  Included  to  modify 
rate  coefficients  and  reflect  anoxic  conditions,  but  the  simulations  do 
not  Include  an  oxygen  debt.  Since  the  thermal  simulations  indicated  how 
rapidly  proposed  Twin  Valley  may  mix,  the  requirement  for  additional 
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oxygen  to  satisfy  the  debt  may  not  be  a  significant  factor.  It  is  also 
important  to  recall  that  the  integration  interval  was  1  day  so  the 
results  represent  daily  averages.  If  the  oxygen  debt  were  satisfied 
within  several  hours  after  mixing  was  initiated,  the  average  daily  con¬ 
dition  predicted  in  the  simulations  may  be  representative  of  the  pro¬ 
totype  conditions. 

142.  The  intermittent  stratification  of  the  pool  may  explain  why 
the  water  quality  was  similar  with  the  three  withdrawal  approaches. 
Selective  withdrawal  structures  offer  distinct  advantages  for  regulating 
various  water  quality  constituents  in  systems  that  strongly  stratify 
(Fruh  and  Clay  1973).  Bottom  withdrawal  has  also  been  shown  to  improve 
water  quality  in  reservoirs  that  experience  anoxic  hypolimnlon  (Dunst 
1974;  Moore  1976).  These  systems,  however,  have  different  morphometric 
and  hydrodynamic  properties  than  proposed  Twin  Valley  Lake.  Density 
interflows  and  underflows  in  strongly  stratified  systems  can  supply 
oxygen  to  the  hypolimnlon  and  reduce  the  supply  of  nutrients  to  the 
eplllmnion  (Dunst  1974).  In  proposed  Twin  Valley  Lake,  however,  the 
inflow  zone  generally  extended  throughout  the  water  column. 

143.  Increased  DO  at  the  lower  pool  elevation  may  be  explained  by 
the  decreased  residence  time  in  the  pool  because  of  the  smaller  volume. 
Although  the  loadings  per  unit  volume  will  be  greater,  the  decreased 
residence  time  may  prevent  this  material  from  exerting  its  ultimate 
demand  before  it  passes  through  the  pool.  The  increased  pool  elevation 
may  have  decreased  the  DO  because  the  loadings  were  retained  in  the  pool 
for  a  longer  period  and  exerted  a  greater  demand  per  unit  mass.  A 
similar  situation  probably  occurred  with  the  decreased  maximum  release. 
During  1975,  a  major  storm  event  occurred  around  the  end  of  June.  With 
the  lower  release,  the  loading  of  organic  matter  associated  with  the 
storm  event  was  retained  in  the  pool  for  a  longer  period  of  time.  The 
decay  of  this  material  resulted  in  extended  anoxic  conditions. 

3 

144.  Algae.  Predicted  algal  blooms  ranged  from  0.5  to  40.9  g/m  . 

3 

For  comparative  purposes,  0.7  g/m  is  considered  a  visible  bloom  and  1.5 

3 

g/m  is  considered  a  nuisance  bloom.  If  the  conversion  factor  developed 

3 

by  Spangler  (1969)  is  used  (i.e.,  0.23  g/m  dry  weight  =  1  Mg/£ 
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chlorophyll  ^) ,  then  the  magnitude  of  the  predicted  algal  blooms  in 

3 

terms  of  chlorophyll  would  be  2  to  89  Vig/J..  Since  the  40.9  g/m 
represents  blue-green  algae,  the  chlorophyll  £  value  is  only  half  that 
for  other  phytoplankton  species  (Kalff  and  Knoechel  1978).  This  range 
of  values  is  similar  to  the  values  listed  for  the  NES  lakes  (Table  2). 

145.  Selective  withdrawal  or  surface  withdrawal,  in  general,  re¬ 
sulted  in  lower  phytoplankton  concentrations.  Since  the  pool  was 
generally  well  mixed,  the  inflow  was  distributed  through  the  water 
column  regardless  of  the  withdrawal  scheme.  However,  because  of  the 
short  residence  time,  selective  and  surface  withdrawal  may  remove  phyto¬ 
plankton  from  the  euphotlc  zone  by  discharging  them  through  the  outlet 
works.  Berman  and  Pollingher  (1974)  noted  that  phytoplankton  growing  in 

a  eutrophic  lake  had  a  doubling  time  of  8  to  30  days.  Since  the  theoreti¬ 
cal  hydraulic  residence  time  is  20  days,  the  phytoplankton  may  not  be 
able  to  fully  respond  to  the  nutrient  conditions  before  being  removed 
from  the  reservoir.  The  selective  withdrawal  operation  during  the  1975 
storm  event  may  have  short-circuited  water  through  the  euphotlc  zone 
further  reducing  the  time  for  phytoplankton  to  respond  to  the  increased 
nutrient  loads.  The  Increased  phytoplankton  concentrations  during  1975, 
however,  indicated  a  response  to  the  nutrient  loadings  did  occur. 

146.  One  factor  that  has  not  been  Incorporated  into  the  simula¬ 
tions  is  decreased  light  penetration  due  to  turbidity  and  suspended 
solids.  The  USGS  data  indicated  suspended  solid  concentrations  of 
several  hundred  milligrams  per  litre  in  the  stream.  During  and  follow¬ 
ing  storm  events,  these  concentrations  would  be  expected  to  Increase  and 
be  transported  into  the  pool.  The  extent  of  decreased  light  penetration 
and  settling  rate  of  these  particles  is  unknown  but  it  could  signifi¬ 
cantly  reduce  the  phytoplankton  response  to  increased  nutrients. 

147.  The  phytoplankton  algorithms  do  not  consider  silica  limi¬ 
tation.  Simulating  diatom  dynamics  may,  therefore,  oe  in  error  by 
omitting  silicon  uptake.  Recently,  Kalff  and  Knoechel  (1978)  provided 
a  relationship  between  maximum  observed  diatom  biomass  and  the  silicon 
concentrations  for  lakes  in  which  silicon  depletion  occurs.  Using 
this  relationship  and  an  average  silicon  concentration  of  4.0  mg/(. 


the  mjximuni  diatom  biomass  supported  by  this  silicon  concentration  would 
3 

be  21.3  g/m  .  Since  this  concentration  of  ALCAE  1  was  never  attained  in 
the  simulations,  silicon  limitation  may  not  be  an  Important  considera¬ 
tion  in  phytoplankton  magnitude  and  succession  in  proposed  Twin  Valley 
Lake . 

148.  Destratification  was  simulated  by  increasing  the  effective 
diffusion  coefficient  in  the  model.  This  is  probably  comparable  to  the 
input  of  external  mechanical  energy  to  mix  the  lake.  A  Oarton  pump  or 
other  source  of  mechanical  energy  used  in  destratification  simply  over¬ 
comes  the  buoyant  forces  generated  from  the  input  of  solar  energy. 
Increasing  the  effective  diffusion  coefficient  provides  a  similar  energy 
input . 

149.  Fecal  coliforms.  Simulated  fecal  coliforms  did  not  exceed 
the  State  standard  of  200  colonies/lOO  ml.  It  was  only  after  the  Inflow 
concentrations  were  Increased  by  a  factor  of  one  hundred  that  the  simu¬ 
lations  showed  violations  of  State  standards.  During  these  periods,  the 
inflowing  counts  were  approximately  5000/100  ml  or  one  order  of  magni¬ 
tude  larger  than  the  maximum  value  measured  (Table  1).  Some  violation 
of  the  standards  will  probably  occur  in  the  headwaters  whenever  the 
inflowing  counts  are  greater  than  200  colonies/lOO  ml  because  the  in¬ 
flows  are  not  Instantaneously  dispersed  throughout  the  pool  as  assumed 
by  the  model. 
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PART  VI:  LOADING  ANALYSES 


150.  Cultural  eutrophication  is  generally  accepted  as  an  accelera¬ 
tion  of  the  natural  eutrophication  process  due  to  man's  activities  in 
the  watershed.  The  activities  result  in  excess  nutrient  discharges  into 
surface  waters.  These  nutrient  discharges  occur  from  both  point  (e.g., 
sewage  and  industrial  outfalls)  and  nonpoint  (agricultural  and  urban 
runoff)  sources  in  the  watershed.  One  of  the  earliest  studies  attempt¬ 
ing  to  quantify  the  trophic  status  of  the  lentic  environments  based  on 
external  nutrient  loads  was  conducted  by  Vollenweider  (1968) .  Since 
1968,  numerous  studies  have  been  conducted  to  modify  and  improve  the 
nutrient  loading  concept  (Shannon  and  Brezonik  1972;  Dillon  1974,  1975; 
Dillon  and  Rigler  1975;  Kirchner  and  Dillon  1975;  Larsen  and  Mercier 
1976;  Vollenweider  1975,  1976;  Carlson  1977;  Kalff  and  Knoechel  1978). 
Nutrient  loading  models  or  the  loading  concept  has  also  been  extended  to 
predict  water  clarity  and  average  chlorophyll  concentrations  (Carlson 
1977;  Dillon  and  Rigler  1974;  Vollenweider  1976;  Jones  and  Bachmann 
1976)  and  the  probability  of  developing  anoxic  conditions  (Reckhow 
1978). 

151.  Since  the  nutrient  loading  concept  is  predicated  primarily  on 
the  external  nutrient  load  and  various  morphometric  characteristics  of 
the  Impoundment  rather  than  measured  In-lake  quantities,  it  may  be 
applied  for  predictions  of  the  trophic  status  expected  to  occur  in 
proposed  impoundments.  Several  of  the  nutrient  loading  models,  there¬ 
fore,  were  Investigated  to  project  the  trophic  status  in  the  proposed 
Twin  Valley  Lake. 


Assumptions  and  Limitations 

152.  It  is  important  to  consider  the  assumptions  of  the  nutrient 
loading  models  in  assessing  the  trophic  status  of  an  impoundment  before 
any  definitive  conclusions  can  be  drawn.  While  the  equations  are  simple 
and  relatively  easy  to  apply,  it  should  not  be  inferred  that  conclusions 
concerning  the  trophic  status  can  be  directly  and  simply  drawn  from 


the  results.  The  relative  position  of  a  proposed  or  existing  impound¬ 
ment  on  a  loading  plot,  specifically  in  the  eutrophlc  zone,  does  not 
necessarily  indicate  the  magnitude  or  degree  of  eutrophication.  While 
the  nutrient  loading  concept  is  a  reasonable  approach  for  demarcation  of 
the  general  trophic  status,  e.g.,  oligotrophic ,  mesotrophic,  or  eutro- 
phic,  there  are  many,  other  factors  that  affect  the  trophic  state  of  a 
reservoir  such  as  the  zone  of  withdrawal,  stratification,  alkalinity, 
cation  ratios,  and  others. 

153.  Several  assumptions  have  previously  been  stated  by  Dillon 
(1974) ; 

Loading,  flushing,  and  sedimentation  rates  are  assumed  to 
be  in  steady  state. 

_b.  Stratification  or  nonuniform  mixing  is  ignored;  the  system 
is  considered  to  be  a  well-mixed  reactor. 

£.  The  concentration  of  a  substance  in  the  outflow  is  equated 
to  the  mean  concentration  in  the  lake. 

154.  Several  corollary  assumptions  follow: 

£.  The  substance  under  consideration  is  limiting. 

There  is  a  direct  relation  between  loadings  and  biomass. 

£.  A  reduction  in  loadings  will  result  in  a  concomitant 
reduction  in  indicators  of  eutrophication. 

155.  While  the  applicability  and  validity  of  the  assumptions  will 
be  discussed  later,  it  is  important  to  refer  to  the  assumptions  during 
the  subsequent  calculations  of  trophic  status  for  proposed  Twin  Valley 
Lake. 


Application  of  Nutrient  Loading  Models 

156.  Water  quality  samples  collected  at  the  Twin  Valley  Gage  on 
the  Wild  Rice  River  by  the  USGS  from  1975-77  were  used  to  develop  re¬ 
gression  equations  for  total  phosphorus  and  nitrogen  as  a  function  of 
flow.  These  equations  represented  one  approach  for  generating  annual 
nutrient  loads  to  the  proposed  project  based  on  dally  flow  records.  Two 
equational  forms  were  used  to  generate  annual  nutrient  loads.  The  first 
equation  was  simply  the  product  of  mean  annual  flow  and  mean  annual 
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niitrioiit  l.•ouol>nt  rat  l<.)u.  TUo  si'coiul  iH|iiat  Un\a  I  torm  was  a  powi-r  ro- 

lationstilp  lu'twoou  uutriont  mass  anil  flow.  TIk'  rejtrosslon  oquatlons  for 

2 

phos\)horiis  anil  nltro^^on  mass  hail  coof  f  Ir  ionis  of  ilotormlnaf  Ion ,  K'",  of 
0.h2,  anil  0.75,  rospoi-t  I  vo  I  y .  flows  tor  the  throo  stiiily  yoars  (1*^)7!, 
l‘)75,  anil  l‘)7<'))  wore  nsoil  to  y.i'noralo  nutrient  loads  represeiitat  lvi‘  of 
averaj’e,  wet,  and  dry  years,  respectively.  The  equations  and  the 
generated  nutrient  loads  are  listed  In  Table  7.  Critical  phosphorus 
loads  represent Inj;  the  transition  points  between  dannerons  .nul  excessive 
loads  were  calcnlated  for  all  three  study  years  nslnp,  the  equations  ol 
Vo  1 1 enwe  1  der  (l‘-17b).  These  results  are  shown  In  Table  8.  Optimal  N/l’ 
ratios  of  8  to  12:1  (Chiaudanl  and  Vlp.hi  1'174')  weri-  used  to  calculate 
critical  nitro);en  loads  corri'spond  1  up  to  the  critical  phosphorus  loads. 

If  actual  phosphorus  loads  exceed  the  critical  phosplu'rus  li'ails  but 
actual  nltropen  loads  an'  less  than  the  critical  nitrop.en  loads,  nitro¬ 
gen  limitation  is  indicated.  T;ible  8  indicates  that  actual  nitrop.en 
loads  are,  indeed,  less  th.in  critical  nitropen  loads. 

157.  While  arpuments  can  be  proposeil  lor  the  coprecipitation  of 
phosphorus  with  C.iCO.^  and  the  adilition  of  nitropen  t  liroupli  phvtop  l.inkt  on 
nitropen  fixation,  their  quantification  is  spi'culat  i  ve.  V.arious 
phosphorus  lo.uiinp  analyses  are  includeil  in  Appi-iuiix  !•’  as  an  academic 
exercise.  Under  known  phosphorus  l  imi  t  .at  i  on  ,  nutrient  lo.idinp  models 
provide  only  a  relative  estimate  of  eutrophication  poti'ntial,  not  .ab¬ 
solute  preiiict  iiiiis,  and  sever.al  of  t  hi-  assumpt  imis  re(|uireii  to  ai'plv 
m.any  phosphorus  lojulinp  models  are  already  vlolateii.  first,  loadinp 
calculations  iiulicate  that  nitropen,  not  phosphorus,  is  t  hi'  limit  inp 
nutrient,  theri'lore  phosi'horus  loadinp  modi'ls  .are  not  aiq>licable.  'I'h  i  s 
conclusion  Is  corroborat  eil  by  t  hi'  NfS  stuilies  on  surroundinp  lakes 
within  a  200-km  r.adius  of  'IVln  V.allev.  N.anv  of  t  lu'  bioass.av  tests 
conducted  on  these  lakes  imlic.ateil  nitropi'ii  limitation.  Second,  the 
St  e.ady-st  .ate  assumption  is  known  to  be  violateil  for  the  proposi'd  IWin 
V.alley  h.iki',  Theori'tical  hvilr.'iulic  ri'siiU'nce  t  Imi's  varv  from  to  ‘145 
d.ays.  Nutrii'nt  loadinps  to  the  proposeil  proji'ct  are  not  uniform  throuph- 
out  till'  vi'.-ir.  I’ll  1  rd ,  v.arious  chemical  .and  biolopical  re.act  ions  such  .as 
copri'c  i  1' i  t  at  i  on  ol  phi'sphorus  or  nltropi'ii  tixation  mav  not  result  in  .i 


(Jlroct  relation  among  loadings  and  biomass.  As  evidenced  by  tlie  current 
research  activities  in  the  area  of  loading  calculations  (Carlson  1977; 
Dillon  1974,  1975;  Dillon  and  Riglor  1974,  1975;  Kirchner  and  Dillon 
1975;  Larsen  and  Mercier  1976;  Shannon  and  Brezonik  1972;  Vollenweider 
1975,  1976),  there  are  many  factors  such  as  phosphorus  retention  rate, 
hydraulic  residence  time,  fUishing  rate,  basin  morphometry,  alkalinity, 
and  others  that  affect  the  loading,  availability,  and  uptake  of  nutri¬ 
ents  in  the  eutrophicat ioii  process.  The  loading  concept  originally 
proposed  by  Vollenweider  was  not  intended  to  predict  absolute  degrees  of 
eutrophy  but  ratlier  to  permit  a  relative  comparison  of  loadings  to 
estimate  the  potential  for  eutrophication  (Vollenweider  1968). 

158.  One  use  of  phosphorvis  loading  values  that  is  not  dependent  on 
an  assumption  of  phosphorus  limitation  is  the  prediction  of  anoxic  con¬ 
ditions  in  a  lake.  Reckhi)w  (1978)  developed  a  classification  function 
based  on  phosphorus  loading,  mean  depth,  and  theoretical  liydraulic 
residence  time  that  permits  a  categorization  of  lakes  according  to  oxic- 
anoxlc  conditions  in  the  hypolimnion.  The  value  of  the  classi f icat ion 
function  is  that  it  permits  a  calculation  of  tlie  probability  that 
anoxic  conditions  will  occur.  The  fum-t ion  was  developed  from  data 
collected  on  Kl’A-NT.S  lakes  during  1972.  These  data  included  the 
Minnesota  lakes  sampled  during  the  NTS  program.  The  c lassi V i cat i on  and 
discriminant  functions  used  in  the  analyses  are  listed  in  Table  9.  in 
general,  the  geomorphol ogi cal  variables,  mean  depth  and  volume,  had 
greater  discriminating  power  than  the  loading  variable, 

159.  The  c lass i f icat ion  and  discriminant  functions  were  used  to 
geiterate  probabilities  of  anoxic  conditions  occurring  in  pro|iosed  IVin 
Valley  Lake  (Table  10).  The  probability  of  anoxic  conditions  developing 
in  proposed  'IVin  Valley  Lake  ranged  from  95  to  99  percent  based  on  the 
loading  analyses  for  the  study  years  with  a  mean  of  97  percent  for  all 
years, 

160.  Three  factors  characteristic  of  the  NK.9  lakes  used  by  Keckhow 
(1978)  had  the  following  ranges: 

mean  depth  >  3.0  ra 

residence  time  ''  0.25  yr 
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50.0  m/yr 


1 . 0  <  _  nu'nn  depth 

residence  time 

Tile  proposed  Twin  Valley  l.ake  lias  a  mean  depth  of  A.  2  m,  but  tlie  resi¬ 
dence  time  is  a  fiftii  to  a  tentli  of  tlie  NKS  lakes.  The  quotient,  mean 
depth/residence  time,  is,  therefore,  also  outside  the  range  of  the  NK.S 
lakes.  It  is  not  known  if  these  factors  Influence  the  prediction  of 
anoxic  conditions.  Considering  the  watershed  land  use,  phosphorus 
loadings,  and  probable  organic  loadings,  the  probability  of  at  least 
some  period  of  zero  110  appears  re.isonable. 
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I’AKT  VII;  DISCUSSION  OK  I’RKDICTIONS  AND  CKITKKIA 


l(il.  In  t  ho  studios  dosorihod  In  tho  jirooi'dinn  sootlmis,  diltoront 
tochnlijiios  woro  iisod  to  prodiot  tho  wator  quality  and  trophic  status 
ol  proposod  Twin  Valloy  l.ako.  Tho  prodictions  will  ho  discussod,  com- 
parod,  and  rolatod  to  appropriato  wator  quality  criteria  in  this  soction. 
Thormal  stratification,  Dtl,  algao  and  macrophytes,  trophic  state,  focal 
conforms,  reservoir  cloarinn  and  tilling;,  and  manaRomont  alternatives 
are  discussod. 


Thormal  Stratifica t ion 

l(i2.  In  tho  Final  Knvironmontal  Impact  Statement  (D.  S.  Army 
Knginoor  District,  St.  I’aul  l‘)75a),  an  o<|uation  dovoh'pod  hy 
K.  A.  Kaj'.otskio  was  used  to  determine  th.it  proposi'd  Twin  ValU'v  Take 
would  therm.tlly  stratify.  This  equation  is  compared  with  data  collected 
hy  Ford  (197(1)  in  Figure  109.  Kagotskie's  equation  predicted  a  shallower 
thernu'cline  than  tlte  data  support.  Based  on  Figure  109,  a  t  liermoc  1  i  ih' 
depth  iif  over  9  m  is  predicted  fiir  proposed  IVin  Valley  hake.  Since 
this  depth  is  near  the  maximum  deiith  of  the  project  (i.e.,  9.S  m)  , 
thermal  stratification  is  not  expected.  This  conclusion  is  also  sup¬ 
ported  hy  data  on  surrounding  lakes.  All  of  the  lakes  that  were  nu'rpho- 
metrlcally  similar  to  proimsed  lA.;!!!  Valley  hake  stratified  otily  weakly, 
if  at  all.  hess  stratification  is  exiu'cted  in  proposed  I'win  Valley  hake 
because  the  theoretical  hydraulic  resilience  time  is  less  than  tlu'  sur¬ 
rounding  Lakes  (paragraph  32). 

Ib3.  B.ased  on  the  mathematical  simulations,  intermittent  strati¬ 
fication  is  expected  1  rom  May  through  duly.  I’hc  periiids  of  stratifi¬ 
cation  may  last  up  to  4‘i  days  or  longer.  These  predictions  are  exiH'cted 
to  he  conservative  (paragraph  91). 

Iti4.  The  shi'Itering  I'l  feet  of  the  surrounding  terr.ain  is  mil 
expected  to  he  signil leant.  For  the  mimths  .lune  through  Detoher,  the 
prevailing  wind  direction  is  south-southeast.  Since  this  direction  is 
perpendicular  to  the  major  axis  ot  the  lake,  the  sheltering  I'llect 


should  bo  tho  groatost  inulor  t  Ijoso  oond  i  t  imis .  Uasod  on  laboratory  aiui 
field  data,  tho  sholtorlng  offoot  is  approximately  oiglit  times  tho  vor¬ 
tical  relief  (Ford  1976).  Assuming  t  lie  surroiniii  i  ng  rt'l  iof  to  lie  on  tho 
order  of  20  to  25  m  and  a  tyi’ioal  fotoli  to  bo  600  m,  then  t  lu-  sholtorod 
area  would  extend  160  to  200  m  into  tlio  lake,  boss  than  oiu'  tliird  of 
the  lake  surface  area  would  bo  slioltorod  fri'iu  t  lu’  wiuii  and  in-lako 
mixing  sliould  not  bo  affected. 

165.  Proposed  Twin  Valley  Take  is  expected  to  lu-  intermi t t ent 1 v 
stratified  during  early  sunmter.  No  liypol  imnion,  Isolated  from  the 
epllimnion,  will  exist  in  the  classical  sense.  Thermal  gradients  ne.ar 
the  sediment  will  not  prevent  the  diffusion  of  material  into  the  epi- 
1 imnion. 


0 1  sso  1  ved  tixygen 

166.  The  Minnesota  standard  for  00  in  proposed  Twin  Valiev  l.aki'  is 
not  less  than  6  mg/Q.  from  1  Aj>rll  through  '31  Nay  and  not  less  t  h.in  5 
rng/H  at  other  times  (MPCA  1973).  The  hypol  imnion  is  excluiled.  Pri'i'i'sed 
Twin  Valley  Lake  is  not  expected  to  viol.ite  this  standard. 

167.  Based  on  the  mathematical  simulations  aiul  Keckhow's  classifi¬ 
cation  function,  proposed  Twin  V'alley  Lake  is  expected  to  go  anoxic 
during  periods  of  stratification.  Oata  from  surrounding,  mori'homet r i - 
cally  similar  lakes  do  not  support  this  conclusion.  Since  these  lakes 
were  s.impled  throe  times  or  less,  periods  of  anoxia  could  have  been 
missed.  The  mathematical  simulations  and  laboratory  experiments  (Ai'- 
pendlx  B)  predicted  it  would  take  5  to  15  days,  after  st rat i t  leal  ion , 
for  anoxic  conditions  to  develop.  The  durat  loi\  of  aitoxia  will  di'peiui  on 
hydrometeorological  conditions  and  the  resulting  therm.al  st  rat  i  i  1  cat  i  on . 
Periods  of  up  to  100  days  are  possible  but  not  likely.  Anoxia  will  be 
limited  to  the  bottom  2  or  3  ra  of  the  lake  which  comprises  less  than  IS 
percent  of  the  lake  volume. 

168.  Once  anaerobic  conditions  have  developed,  inorganic  c.arbon, 
ammonium,  and  orthophosphate  will  accnroxilate  in  the  anoxic  zone.  Anv 
period  of  mixing,  however  slight,  will  release  those  nutrients  to  thi' 


epilitnnion 

169. 

duct  ion  Is 
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where  they  will  be  available  for  algal  growth. 

The  laboratory  experiments  also  Indicated  that  sulfide  pro¬ 
possible.  Assuming  the  laboratory  experiments  can  be  ex- 
to  the  field,  then  It  may  take  as  little  as  10  to  15  days  for 
start  to  accumulate. 


Algae  and  Macrophytes 

170.  The  types  of  algae  found  in  the  surrounding  lakes  and  expect¬ 
ed  to  occur  in  proposed  Twin  Valley  Lake  are  summarized  in  Table  5. 
Diatoms  and  green  algae  are  expected  to  dominate  in  the  spring  and  fall 
while  blue-green  algae  are  expected  in  the  summer.  Many  of  the  blue- 
green  algae  In  Table  5  will  accumulate  on  the  water  surface  during  large 
blooms.  Since  the  prevailing  wind  direction  during  the  summer  months  is 
south-southeast,  algae  would  probably  accumulate  on  the  north  side  of 
the  lake. 

171.  The  algal  concentrations  found  in  surrounding  impoundments 
ranged  from  1  to  130  vig/d  of  chlorophyll  (Table  2).  This  is  con¬ 
sistent  with  the  matliemat leal  model  predictions  of  2  to  89  vig/S  of 
chlorophyll  a  for  blooms.  Clilorophyll  £  concentrations  of  the  order  of 
20  to  50  pg/A  are  expected  in  proposed  Twin  Valley  Lake.  Larger  con¬ 
centrations  of  algae  are  expected  in  the  headwater  regions  and  coves. 

The  mathematical  model  is  not  capable  of  simulating  this  effect  because 
of  the  one-dimensional  assumption. 

172.  Conditions  within  the  proposed  lake  are  also  expected  to  he 
favorable  for  macrophyte  colonization  and  growth  (Appendix  C).  On  the 
basis  of  light  penetration  alone  and  assuming  no  other  factors  are 
limiting,  a  maximum  of  approximately  46  percent  of  the  lake  surface  is 
potentially  colonizable.  Although  most  of  the  macropliytes  are  expected 
to  occur  in  the  headwaters  region,  colonization  is  also  probable  in  the 
littoral  zones  near  the  recreational  areas. 


Trophic  State 


173.  The  trophic  state  of  an  impoundment  refers  to  the  degree  I'f 


nutrient  enrichment.  Lakes  are  usually  classified  as  ol  igotrophlc, 
mesotrophic,  or  eutrophic  In  the  order  of  Increasing  enrichment.  The 
problem  with  this  classification  is  that  it  is  subjective,  and  defini¬ 
tions  vary  from  one  part  of  the  country  to  another. 

174.  The  Great  Lakes  Group  (1976)  recommended  that  concentrat ions 
of  7  to.  8  Ug/H  of  chlorophyll  a  separate  mesotropliic  from  eutrophic 
lakes,  while  the  National  Eutrophication  Survey  (Gakstatter  et  al .  1975) 
recommended  10  Ug/ll.  Using  these  criteria,  the  modeling  predictions  and 
the  data  from  surrounding  Impoundments  Indicate  tliat  proposed  IVin 
Valley  Lake  would  be  eutrophic. 

175.  Miller  et  al.  (1978)  considered  waters  containing  0.015  mg/U 
bloavailable  phosphorus  and  0.165  mg/?  bloavailable  nitrogen  to  be 
eutrophic.  To  control  cultural  eutrophication,  EPA  (1976)  recommended 
that  pb'>sphorus  concentrations  should  not  exceed  0.05  mg/C  in  any  stream 
entering  a  reservoir  and  In-lake  concentrations  should  not  exceed 
0.025  mg/C.  Mean  phosphorus  and  TSIN  concentrations  in  the  Wild  Rice 
River  were  0.057  mg/C  and  0.11  mg/C,  respectively  (Table  1).  Based  on 
phosphorus  concentrations,  proposed  Twin  Valley  Lake  is  expected  to  be 
eutrophic. 


Fecal  Conforms 

176.  The  Minnesota  standard  for  fecal  conforms  is  200  Most 
Probable  Number  per  100  ml  as  a  monthly  geometric  mean  (MPGA  1973). 

The  EPA  recommended  criterion  for  body  contact  recreation  is  200 
colonles/100  ml  based  on  a  logarithmic  mean  of  a  minimum  of  five  samples 
in  30  days  (EPA  1976).  The  value  of  200  colonies/ 100  ml  will  be  used 
here. 

177.  The  model  simulations  predicted  no  problems  meeting  these 
criteria.  However,  since  the  model  is  one-dimensional  and  not  able  to 
simulate  longitudinal  variations  and  since  some  of  the  inflow  counts 
were  over  200  colonics/100  ml  (Table  1),  it  is  expected  that  perioviic 
violations  may  occur  in  the  headwater  regions. 


Rosorvolr  ClcarltiR  and  Filling 


178.  During  tho  first  6  to  8  years  after  project  filling,  a  reser¬ 
voir  undergoes  dynamic  biological  and  chemical  changes.  Many  of  these 
are  directly  or  indirectly  associated  with  decaying  organic  matter  wliich 
was  inundated  upon  filling.  To  minimize  the  impact  of  reservoir  filling 
on  water  quality,  laboratory  studies,  using  soil  samples  from  tlie 
project  area,  were  undertaken  (Appendix  B) . 

179.  The  laboratory  studies  indicated  that  the  initial  oxygen 
demand  resulting  from  flooding  the  soil  could  be  reduced  by  clearing  the 
land  of  vegetation.  Removal  of  the  entire  A  liorlzon  would  result  in  a 
more  significant  decrease, 

180.  Readily  soluble  and  leachable  components  could  be  removed 
from  the  proposed  reservoir  by  a  series  of  fillings  and  flushing  prior 
to  the  initial  filling  of  the  reservoir.  Assuming  an  average  ye.ar 
(Figure  b) ,  the  proposed  reservoir  could  be  filled  and  flushed  three 
times  from  April  to  vlune  with  the  final  filling  occurring  during  July. 
Efficient  decomposition  of  organic  matter  could  be  promoted  by  a  period 
of  slow  incremental  filling  to  keep  the  reservoir  shallow,  thereby 
avoiding  thermal  stratification. 

Management  Alternat ives 

181.  Several  alternative  operational  approaches  were  evaUiated 
to  assess  their  Impact  on  water  quality  and  project  purposes.  These 
approaches  included  bottom  and  surface  withdrawal,  lower  and  higher  pool 
elevations,  increased  minimum  and  decreased  maximum  releases,  and 
destrat i f i cat  ion. 

Viithdrawal 

182.  The  mathematical  simulations  indicated  that  proposed  IVin 
Valley  hake  could  be  operated  to  meet  the  downstream  natural  stream 
temperature  objective  with  bottom,  surface,  or  selective  withdrawal.  In 
addition,  no  differences  were  observed  in  in-l.ike  water  quality  witli  the 
three  withdrawal  scliemes.  Since  the  hike  does  not  strongly  stratitv. 
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selective  withdrawal  offers  no  distinct  advantages  over  bottom  or  surface 
withdrawal.  Bottom  withdrawal  is  therefore  recommended. 

183.  If  a  selective  withdrawal  structure  Is  considered  necessary 
to  provide  flexibility  in  structure  operation  and  maintenance,  the 
original  design  (Figure  28)  should  be  modified.  Consideration  should  be 
given  to: 

a.  Adding  a  "piggyback"  gate  to  the  flood  control  gate  to 
release  small  flows  (l.e.,  less  than  1.4  m^/sec)  from 
the  bottom  of  the  pool. 

Using  a  single  wet  well.  Since  the  proposed  lake  is  not 
expected  to  stratify  strongly  and  since  the  withdrawal 
zone  usually  extends  through  the  entire  water  columm, 
blending  between  ports  is  not  a  major  consideration. 

However,  blending  is  still  possible  in  a  single  well 
system  because  blockage  due  to  density  stratification  in 
the  wet  well  is  not  expected  to  be  a  problem. 

£.  Reducing  the  size  of  the  water  quality  ports  for  a  maximum 
release  of  approximately  4.3  m^/sec. 

Pool  elevation 

184.  Pool  elevations  were  raised  and  lowered  by  1.5  m  to  determine 
the  effect  of  pool  elevation  and  residence  time  on  water  quality.  The 
simulations  for  the  higher  pool  elevation  can  be  interpreted  to  corre¬ 
spond  to  two  different  project  operations.  In  the  first  operation,  the 
pool  is  held  constant  at  the  lugher  elevation  all  year.  This  opera¬ 
tional  scheme  would  adversely  affect  flood  control  operations  and  bene¬ 
fits.  In  the  second  operation,  dual  storage  operation  is  assumed.  The 
pool  is  raised  from  its  winter  conservation  level  to  the  summer  conser¬ 
vation  pool  level  during  the  spring  flood. 

185.  (Generally,  the  simulations  indicated  that  the  lower  the  pool 
the  better  the  DO  and  the  worse  the  phytoplankton.  Lowering  the  pool 
elevation  is  not  recommended  because  recreation  would  be  severely 
affected  by  increased  phytoplankton  and  reduced  surface  area.  Macro¬ 
phytes  would  also  be  a  problem.  Dual  storage  would  be  the  only  effec¬ 
tive  way  to  raise  the  pool.  The  flood  control  benefits  would  be  re¬ 
tained  along  with  a  larger  pool  for  recreational  purposes.  Although  the 
phytoplankton  decreased  slightly  at  the  upper  pool  level,  the  duration 
and  extent  of  anaerobic  conditions  Increased.  The  slight  decrease  in 
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PART  VI 11:  CONCLUSIONS 


189.  Conclusions  based  on  this  study  are  as  follows: 

a.  Proposed  Twin  Valley  Lake  will  probably  stratify  inter¬ 
mittently  from  May  through  July. 

State  standards  for  DO  will  not  be  violated.  The  bottom 
waters  will  go  anoxic  5  to  10  days  after  stratification 
forms.  Hydrogen  sulfide  production  is  possible  after  10 
to  15  days  of  stratification. 

£.  Blooms  of  blue-green  algae  are  possible  throughout  the 
summer.  The  magnitude  of  these  blooms  will  be  similar 
to  those  of  surrounding  lakes.  During  large  blooms, 
surface  accumulation  is  probable. 

State  standards  for  fecal  conforms  will  probably  not  be 
violated  at  the  proposed  recreation  areas. 

£.  Proposed  Twin  Valley  Lake  will  be  eutrophic. 

Both  bottom  and  selective  withdrawal  met  the  downstream 
temperature  objective.  The  In-lake  water  qviality  was 
also  similar  for  both  withdrawal  scliemes.  Bottom  with¬ 
drawal  is  recommended. 

£.  Prior  to  filling,  removal  of  all  vegetation  will  probably 
reduce  the  initial  oxygen  demand. 

ji.  A  series  of  fillings  and  flushing  followed  by  a  slow  incre¬ 
mental  filling  will  probably  improve  water  quality  during 
initial  years. 
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^immar^  tlie  MaJ_o_r  Mod  I  f  i^at  ions  Made 
bv  WKS  to  w\fRRS 


_  _  Desor ipt ion 

'ITie  model’s  representation  of  a  reservoir  was  ehanfjed  from 
a  series  of  fixed  horizontal  layers  to  a  series  of  variable 
layers  to  redin'e  numerical  dispersion  and  ensure  accurate 
mass  balances.  The  thickness  and  volume  of  a  layer  depend 
solely  on  inflows  and  outflows  to  that  laver. 

The  BOD  compartment  was  replaced  by  a  dissolved  orj^anic  (IRIR) 
compartment  because  BilD  values  may  Include  effects  of  nitri¬ 
fication,  decay  of  particulate  organic  matter,  and  algal 
respiration,  which  are  included  in  other  parts  of  the  reser¬ 
voir  model . 

The  diffusion  coefficient  was  modified  to  be  a  function  of 
wind  speed  so  that  effects  of  wind  mixing  could  be  simulated. 

The  basis  for  determining  reservoir  stratification  stability 
was  changed  from  temperature  to  density  differences  si'  th.it 
inverse  stratifications  at  temperatures  below  4’’t'  could  be 
s imulated . 

The  Inflow  algorithm  was  modified  so  that  under  isothermal 
conditions,  the  inflow  could  be  placed  on  the  surface  or  .it 
the  bottom  when  the  inflow  differed  in  density  from  the 
isothermal  reservoir  by  more  than  .i  specified  amount. 

A  predator  was  added  to  the  fish  compartment,  and  the 
planktlvore  was  modified  to  feed  on  detritus  also. 

The  calculation  of  production  was  corrected  to  correspond 
to  net  primary  production  above  the  1  percent  light  level. 

The  fraction  of  solar  radi.ation  absorbed  in  the  surface 
layer  was  made  variable. 

The  zooplankton  compartment  w.is  modified  so  tliat  t  hev  feed 
on  both  detritus  and  algae. 

The  model  was  modified  so  it  could  be  run  in  a  Monte  t’arlo 
mode,  with  specified  distributions  for  coefficients  and 
updates . 


Table  5 

Phytoplankton  Genera  Comprising  99  Percent  of  Standing  Crop 
In  Each  Taxonomic  Division  In  Surrounding  Impoundments 
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Table  6 

Distribution  of  Coefficients  and  Updates 
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Table  7 

Regression  Equations  and  Generated  Nutrient 

lx)ads 

to  Proposed  T5jin 

Valley  hake 

Phosphorus  Load  ■ 

-  £jm^/vr 

Equat ion 

1971 

1975 

1976 

M  “ 

1 . 19 

0.0969  F  • 

5.03 

11.3 

2.86 

0 

C  - 

0.0932  +  0.0092F  -  0.0000339F‘ 

6.87 

20.2 

9.20 

C  - 

0.057 

9.95 

8.62 

2  52 

"75 

=  0.079 

— 

12.0 

— 

"76 

=  0.056 

— 

— 

12.0 

■j 

Nitrogen 

Load  - 

g/m'/yr 

1971 

1975 

1976 

M  = 

0.0622F^‘^‘’ 

8.89 

22.9 

5.  10 

C  = 

0.0653  +  0.0193F  -  0.000199F^ 

16.9 

95.1 

10.2 

C  = 

0.11 

8.59 

16.6 

9.87 

"75 

=  0.23 

— 

39.7 

— 

S6 

=  0.079 

— 

— 

3.28 

where  M  =  mass,  g 

3 

C  =  concentration,  g/m 

3 

C  =  mean  concentration,  g/ra 

3 

=  mean  concentration  in  197!>,  g/m 
mean  concentration  in  1976,  g/m 

3 

flow,  m  /sec 


3 


■'76 


Table  8 

Nutrient  Loads  to  Proposed  Twin  Valley  Impoundment 


Year 

Mo. 

Category 

1971 

1975 

1976 

1 

Critical  Phosphorus  Loads  Based  on 
In-Lake  Concentrations  of 

L*  (10  Hg/2)  g/m^/yr 

0.96 

1.76 

0.58 

L^  (20  pg/i)  g/m^/yr 

1.93 

3.53 

1.17 

(Vollenwelder  1976) 

2 

Calculated  Phosphorus  Loads 

2 

Mass  Regression  Equation,  g/m  /yr 

5.03 

11.3 

2.86 

2 

Mean  Cone.  Mean  Flow,  g/ni  /yr 

4.45 

12.0 

2.48 

3 

Critical  Nitrogen  Loads  Based  on 

N:P  Ratios 

L  (10  Pg/i  p**) 
c 

N:P-8:1  g/m^/yr 

7.70 

14.1 

4.60 

N:P-10:1  g/m^/yr 

9.60 

17.6 

5.80 

N:P-12:1  g/m^/yr 

11.5 

21.1 

7.00 

L^  (20  pg/e  p) 

N:P-8:1  g/m^/yr 

15.4 

28.2 

9.40 

N:P-10:1  g/m^/yr 

19.3 

35.3 

11.7 

N:P-12:1  g/m^/yr 

23.2 

42.4 

14.0 

4 

Calculated  Nitrogen  Loads 

Mass  Regression  Equation,  g/m^/yr 

8.84 

22.9 

5.10 

2 

Mean  Cone.  Mean  Flow,  g/m  /yr 

8.59 

34.7 

3.28 

* 

L^  »  critical  annual  phosphorus  loading. 

g/m^/yr. 

**  p  ”  flushing  rate  per  year,  yr 


Table  9 


Classification,  Discriminate,  and  Probability  Functions  For 
Predicting  Oxlc-Anoxlc  Lake  Conditions 
(After  Reckhow  1978) 


_ Form _ _ Equation _ 

Classification  Function,  c.f.  c.f.  =  5.73  log  z  -  4.61  log  1,  +  4.10  log  ^  -  11.50 

r 


Classification  Function,  c.f.  c.f.  =  2.65  log  V  -  2.50  log  m  -  4.25 


Discriminant  Function  d.f. 


Oxic  Probability,  P 

oxic 


d.f. 


117  m 
V 


1.63 

or 


oxic 


1 

'(c.f.) 
e  +  1 


Anoxic  Probability,  P  . 

anoxic 


anoxic 


oxic 


where  z  •>  mean  depth,  m 

2 

1.  •  annual  areal  P  loadings,  g/m^/vr 

T  =  theoretical  hydraulic  residence  time,  yr 
6  3 

V  =  lake  volume,  10  m 

3 

m  =  plKisphorus  mass,  10  kg  P/yr 
P  *  probability 


Note : 

when 

C.f, 

> 

0  => 

oxic  conditions 

c.f. 

< 

O 

II 

N/ 

anoxic  conditions 

d.f. 

< 

II 

oxic  conditions 

d.f. 

> 

1  => 

anoxic  conditions 

Table  10 


Probability  of  Anox ic  Conditions  Computed  Usin>;  Classification 
Function  vs.  Discrimination  Function  (Ueckbow  1 978) 


_ Study  Year _ 

1971  1975  1976 


Equat ion 

Mass 

Cone 

Mass 

Cone 

Mass 

Cone 

P  .  (c.f.) 

anoxic 

0.97 

0.96 

0.98 

0.96 

0.96 

0.95 

P  .  (d.f.) 

anoxic 

0.99 

0.98 

0.99 

0.99 

0.98 

0.07 
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Figure  5.  Proposed  Twin  Valley  Reservoir  (alternative  site) 


Figure  7.  B0D5  versus  flow  at  the  damslte 
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Figure  13.  pH  versus  flow  at  the  damslte 
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Figure  14.  TDS  versus  flow  at  the  damslte 
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Figure  19.  Seasonal  variation  in  pH  at  the  damsite,  1976 
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Figure  20.  Seasonal  hydrograph  at  the  damsite,  1975 


Figure  21.  Seasonal  hydrograph  at  the  damsite,  1976 
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Figure:  25.  Calibration  simulation.  Lake  Calhoun,  1974 
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Figure  26.  Calibration  simulation.  Turtle  Lake,  1974 
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Figure  31,  Comparison  of  inflow,  outflow,  and  target 
temperatures  with  surface  withdrawal 
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Figure  32.  Comparison  of  Inflow,  outflow,  and  target  tem¬ 
peratures  with  bottom  witlidrawal 


Figure  33.  Simulated  temperature  profiles,  Twin  Valley  Lake,  1971  fContinued) 


Figure  33.  ^Concluded 


Figure  35.  Simulated  temperature  profiles.  Twin  Valley  Lake,  1976  (Continued) 
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Figure  37.  Zones  of  inflow  and  outflow 
Twin  Valley  Lake,  1975 
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Figure  38.  Zones  of  inflow  and  outflow. 
Twin  Valley  Lake,  1976 
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Figure  41.  Zone  of  anoxia  (DO  '  2  ng/i),  1971 
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Figure  42.  Average  algae  concentrations  in  euphotic  zone,  1975 
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Figure  43.  Zone  of  anoxia  (DO  <  2  mg//.),  1975 
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Figure  b4.  Mean  and  95  percent  confidence  Interval  of  Al.t’.AF.  1 
in  the  euphotlc  zone,  bottom  witluirawal.  1975 
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Figure  65.  Mean  and  95  percent  confidence  Interval  of  Al.tlAK  2 
In  the  euphotlc  zone,  bottom  withdrawal,  1975 
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Figure  66.  Mean  and  95  percent  confidence  interval  of  IX) 
in  the  bottom  metre,  surface  withdrawal.  1975 
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Figure  67.  Mean  and  95  nercent  confidence  interval  of  ALGAE  1 
in  the  euphotic  zone,  surface  withdrawal,  1975 
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Figure  68.  Mean  and  95  percent  confidence  interval  of  ALGAE  2 
in  the  euphotic  zone,  surface  withdrawal,  1975 
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Figure  69.  Mean  and  95  percent  confidence  interval  of  DO 
in  the  bottom  metre,  bottom  withdrawal,  1976 
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Figure  70.  Mean  and  95  percent  confidence  interval  of  ALGAE  1 
in  the  euphotic  zone,  bottom  withdrawal,  1976 
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Figure  71.  Mean  and  95  percent  confidence  interval  of  ALGAE  2 
in  the  euphotic  zone,  bottom  withdrawal,  1976 
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Figure  72.  Mean  and  95  percent  confidence  interval  of  DO 
in  the  bottom  metre,  surface  withdrawal,  1976 
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Figure  73.  Mean  and  95  percent  confidence  interval  of  ALGAE  1 
in  the  euphotic  zone,  surface  withdrawal,  1976 
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Figure  74.  Mean  and  95  percent  confidence  interval  of  ALGAE  2 
in  the  euphotic  zone,  surface  withdrawal,  1976 
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Figure  75.  Mean  and  95  percent  confidence  limits  of  DO 
in  the  bottom  metre,  pool  el  322.5  m  msl ,  1971 
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Figure  79.  Mean  and  95  percent  confidence  interval  of  DO 
in  the  bottom  metre,  pool  el  325.5  m  msl,  1975 
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Figure  82.  Mean  and  95  percent  confidence  interval  of  .-VLGAE  2 
in  the  eupliotic  zone,  pool  el  322.5  m  msl ,  1971 
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Figure  83.  Mean  and  95  percent  confidence  interval  of  ALGAE  1 
in  the  euphotlc  zone,  pool  el  322.5  m  msl,  1975 
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Figure  84.  Mean  and  95  percent  confidence  interval  of  ALGAE  1 
in  the  eunhotic  zone,  pool  el  322.5  m  msl ,  1975 
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Figure  85.  Mean  and  95  percent  confidence  interval  of  ALGAE  1 
in  the  eunhotic  zone,  pool  el  322.5  m  msl,  1976 
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Igure  94.  Moan  and  95  percent  confidence  Interval  of  ALCIAK  1  in  the 
euphotlc  zone,  pool  el  325.5  m  msl ,  selective  withdrawal,  1975 
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Figure  95.  Mean  and  95  percent  confidence  Interval  of  Al.CAK  2  in  1  lie 
euphotic  zone,  pool  el  325.5  m  ra.sl,  selective  withdrawal,  1975 
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Figure  98.  Mean  and  95  percent  confidence  interval  of  ALGAE  1 
in  the  euphotic  zone,  assuming  destratification,  1971 
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Figure  99.  Mean  and  95  percent  confidence  Interval  of  ALGAF,  2 
in  the  euphotic  zone,  assuming  destratification,  1971 


Figure  100.  Moan  and  9S  porcont  cont'idonco  Interval  of  00  in  tlie 
bottom  metro  with  a  minimum  of  release  of  0.42  m^/sec,  I97(i 
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Flguro  101.  Moan  and  91  poreont  oonfidonee  Interval  of  AH:.\E  1  in  the 
ouphotlo  zone  witli  a  minimum  release  of  0.42  m^/see,  197(i 
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Figure  102.  Mean  and  95  pereent  eonfldenoe  (nterv.il  of  Al.ilAF  2 
the  euphotic  zone  with  a  niinimum  release  of  0.42  m-Vseo,  197(i 
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Figure  103.  Mean  and  95  pereent  eonf  idonee  Interval  of  HO  in  thi 
bottom  metre  with  a  maximum  release  of  40  mVsee,  1975 
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Figure  105.  Mean  and  95  percent  confidence  interval  of  ALGAF.  2  in 
the  euphotic  zone  with  a  maximum  release  of  48  ra^/sec,  1975 
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Figure  106.  Mean  and  95  percent  confidence  interval  of  DO  in  the  bottom 
metre  with  a  maximum  release  of  48  m3/sec,  selective  withdrawal.  1975 
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Figure  107.  Mean  and  95  percent  confidence  interval  of  ALGAE  1  in 
the  euphotic  zone  with  a  maximum  release  of  48  m^/sec,  selective 

withdrawal,  1975 
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Figure  108.  Mean  and  95  percent  confidence  interval  of  AI.OAK  2 
the  euphotic  zone  with  a  maximum  release  of  48  m3/sec,  selective 

withdrawal,  1975 
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Figure  109.  Thermocline  depth  as  a  function  of  surface  area 
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LIMITING  NUTRIENT  BIOASSAYS 


RUN  1  (APRIL  1978) 

Water  samples  arrived  at  the  Utah  Water  Research  l.aboratory  via 
air  frelgiit  from  Fargo,  North  Dakota,  on  April  12  and  13,  1978.  The 
samples  were  stilpped  in  polyethylene  containers  and  arrived  on  partial 
ict.  The  samples  were  designated  the  following  numbers  and  will  bo 
referred  to  as  such  throughout  this  report. 

1.  Wild  Rice  River  at  Twin  Valiev  Gauge 
10  April  1978 

2.  Inflow  to  Lower  Rice  Lake 
10  April  1978 

3.  Wild  Rice  River  Upper  End  Conservation  Pool 

10  April  1978 

4.  Dayton  Hollow  Dam  Mid  Pool,  Depth  Integrated 

11  April  1978 

5.  Ottertail  River  Inlet  to  Dayton  Hollow 
11  April  1978 


Sample  Pretreatment 

Immediately  on  arrival  approximately  3  £  of  each  sample  was  filter 
sterilized  using  0.45-u  Millipore  membrane  filters.  Filtering  removes 
native  algae  from  the  test  water  and  enables  the  use  of  unialgal  test 
species  in  the  bioassay. 

Upon  completion  of  filtering  the  samples  were  subjected  to  routine 
chemical  analyses  for  the  determination  of  indigenous  levels  of  soluble 
phosphorus  and  soluble  inorganic  nitrogen  (Table  Al) . 

Prior  to  use  in  the  bloassays  all  glass  and  labware  contacting 
algae  were  cleaned  in  the  following  manner:  sodium  bicarbonate  wash, 
tap  water  rinse,  1:1  hydrochloric  acid  rinse,  deionized  water  rinse, 
and,  finally,  ultra  pure  deionized  water  rinse.  Following  the  washing 
procedure  all  glassware  was  autoclaved  using  an  aluminum  foil  closure 
at  121°C  for  15  minutes. 


A2 


Expor Inu'nt al  Setup  Frocoduro 

The  hionssays  were  comliictod  using  lOO-ml  sample  volumes  in  500-ml 
Erlenmeyer  flasks.  Inverted  beakers  were  chosen  for  flask  closures  in 
order  to  permit  good  prevent  contamination. 

Eacli  of  the  five  test  waters  received  the  following  treatments. 

All  treatments  for  all  samples  were  set  up  lu  triplicate.  The  sample 
blank  (Treatment  A)  was  included  to  provide  tlie  basis  for  comparison  of 
the  other  treatments  and  provide  a  measure  of  the  general  fertility  of 
the  sample. 


Treatment 


A.  Sample 

B.  Sample  +  2.1  mg/£  NO^-N 

C.  Sample  +  0.093  mg/£  TO^-F 

1).  Sample  +  2.1  mg/£  NO^-N  +  1.093  mg/£  1’0^-P 

E.  Sample  +  AAM  *  levels  of  trace  elements 

F.  Sample  +  AAM  levels  of 

0.  Sample  +  2.1  rag/£  NO^-N  +  0.093  mg/£  I’O^-l’  +  AAM  levels  of: 
trace  elements,  HCO^,  Ca(M2*  :ind  MgSO^ 

Control.  Oistllled  water  +  2.1  mg/£  NO^-N  +  0.093  mg/£ 

AAM  levels  of  trace  elements,  HCO^,  CaCl2,  nnd  MgSO^ 

Constituents  of  AAM  are  listed  on  Table  A2.  The  samples  and  con¬ 
trol  contained  one-half  AAM  levels  of  nitrogen  and  phosphorus  whereas 
all  other  constituents  were  added  at  full  strength  levels. 

I’he  control  treatment  was  Inclvided  to  provide  a  general  check  on 
cell  growth  and  to  provide  an  index  for  comparing  growth  levels  in  the 
test  waters.  Tlie  results  in  Figures  Al-AlO  are  all  compared  to  the 
AAM  control. 

Algal  bloassays  were  performed  according  to  EPA  (1971')  using  the 
green  alga,  in' li'nat'ti’ian  I'ayi'i ccvtmtWK  PRINTZ.  The  test  flasks  were 


*  AAM  ”  algal  assay  medium. 


A3 


placed  in  a  constant  temperature  room  (24°C  ±  2°C)  with  "cool-white" 
fluorescent  lighting  providing  illumination  of  400  fc  (4304  lx)  i  10 
percent . 

The  assays  were  monitored  by  determining  the  optical  density  (OD, 
Bausch  and  Lomb  Spec  70,  750  nm,  1-cm  path  length)  and  relative  fluores¬ 
cence  (RF  X  30,  Turner  Fluorometer,  Model  110).  Optical  density  was 
measured  over  a  12-day  period  while  relative  fluorescence  was  measured 
to  monitor  the  progress  of  the  cultures  for  the  first  6  to  7  days  when 
optical  density  does  not  provide  a  great  deal  of  sensitivity.  The 
results  of  both  determinations  are  represented  graphically  in  Figures 
Al-AlO.  Maximum  values  for  optical  density  are  listed  on  Table  A3. 

Optical  density  is  an  indirect  means  of  measuring  algal  cell  bio¬ 
mass.  As  a  consequence,  OD  is  linearly  related  to  biomass  as  dry  weight 
(Porcella  et  al.  1973).  Due  to  this  linearity,  biomass,  as  volatile 
suspended  solids  (VSS),  can  be  calculated  directly  from  OD.  The  re¬ 
lationship  used  to  convert  OD  to  VSS  in  Table  A4  is: 

VSS,  mg/£  =  350(OD)  +  3.5  (Al) 

It  is  the  algae  yield  as  dry  weight  which  will  be  used  to  sub¬ 
stantiate  the  limiting  nutrient  in  each  of  the  test  waters.  Figures 
A11-A20  represent  the  maximum  growth,  as  VSS  (Table  A4) ,  plotted  against 
(1)  PO^-P  concentration  and  (2)  total  soluble  Inorganic  nitrogen  con¬ 
centration  for  each  treatment.  These  graphs  are  helpful  in  determining 
nutrient  availability  in  a  sample,  as  well  as  supporting  the  determined 
limiting  nutrient.  The  maximum  growth  is  compared  to  a  theoretical 
growth  vs.  concentration  curve  derived  from  the  AAM  control.  According 
to  theory,  for  a  certain  concentration  of  nutrient  (N  or  P) ,  there  should 
be  a  predictable  increase  in  biomass  over  time.  If  a  particular  nutrient 
is  deficient  then  growth  will  be  below  the  expected  level  as  predicted 
by  the  AAM  control.  Growth  may  also  be  too  low  if  the  nutrients  are  in 
an  unavailable  form  even  through  chemical  analysis  indicated  adequate 
concentrations  of  all  nutrients  in  the  test  water. 

Because  of  the  difficulty  of  measuring  biomass  in  low  density 
cultures,  relative  fluorescence  of  in  vivo  chlorophyll  a  was  used  to 
estimate  biomass  during  the  early  phases  of  growth.  Calculations  of 


average  maximum  specific  grewtli  rate  batch  (^i  )  were  made  using  these 
numbers.  All  (i.  values  were  observed  to  occur  between  days  1  and  4  of 
the  growtlt  curve.  Maximum  relative  f luorescence.s  (X)  were  also  deter¬ 
mined.  Both  the  V'l,  and  X  values  are  tabulated  in  Table  A5.  Even 
b 

tiiougtj  relative  fluorescence  measures  a  pliyslologlcal  response  and 
optical  density  measures  a  standing  crop  (biomass)  response,  tlte  re¬ 
sponses  sliould  correlate  relative  to  tlu*  biomass;  tills  is  sliown  by  tlie 

following  regression  equation  wliicli  relates  maximum  observed  RE  and 

2 

maximum  observed  01)  (r  =  0.946): 

01)=  0.0017  (RE  X  30)  +  0.043  (A2) 

Results 

1.  Wild  Rice  River  at  'IVln  Valley  Oauge  (Figures  A1-A2) 

Based  upon  chemical  analysis  alone  it  was  difficult  to  determine 
tlie  status  of  tills  water.  Indigenous  nitrogen  and  phosphorus  concen¬ 
trations  were  moderately  high  and  in  a  proiuirtlon  (N/P  ratio  =  26.8) 
that  would  make  this  water  somewhat  fertile  without  tre.atment.  A  slight 
degree  of  phosphorus  limitation  may  be  possible  but  this  is  li.ird  to  pre¬ 
dict.  I'.enerally  waters  with  N/l’  ratios  (all  N/T  ratios  in  the  text 
refer  to  TSIN/OP)  v  %  IS  are  nitrogen  limited  while  those  greater  are 
phosphorus  limited.  Values  near  IS  are  optimal  if  the  phosphorus  con¬ 
centration  is  ^  0.010  mg  l’/l(.  However,  I’orcella  et  al.  (1970)  showed 
N/l’  ratios  varying  in  the  range  of  6  to  88  to  be  optimal  or  nonoptimal 
depending  on  the  test  water  involved;  therefore.  It  can  only  be  assumed 
that  phosphorus  is  limiting  in  this  case. 

As  was  predicted,  hioassav  indicated  a  significant  increase  in 
biomass  in  the  untreated  sample  (fable  A4  -  64.8  mg/C.  VSS  in  Treatment 
A).  The  maximum  specific  growth  rate  was  high  for  all  tre.itments  of 
Sample  I  indicating  that  the  algae  are  quickly  using  the  available 
nutrients  from  day  0  to  day  4,  then  grt’wth  rate  rapidlv  decreases  when 
nutrients  are  exhausted.  Increased  biomass  in  Tre.atments  A,  B,  E,  and 
F  showed  that  indigenous  nutrients  were  utilized,  but  the  ;iddltliin  of 
phosphorus  (Treatment  0)  created  .i  lower  total  N/l’  ratio  (N/T  “  1(1.0), 


and  the  system  was  able  to  use  all  the  remaining  indigenous  nitrogen. 
This  is  a  clear  indication  of  a  phosphorus  limitation.  Figures  A1  and 
A2  point  out  that  the  phosphorus  limitation  was  partially  due  to  the 
small  increase  in  growth  observed  over  Treatments  A,  B,  and  F  and  higlier 
growth  in  Treatment  D. 

2.  Inflow  to  Lower  Rice  Lake  (Figures  A3-A4) 

The  conditions  in  this  test  water  indicated  nitrogen  limitation. 

The  chemical  analysis  showed  low  nutrient  levels  in  the  untreated 
water.  The  initial  N/P  ratio  was  8.6,  a  level  which  predicts  nitrogen 
limitation,  although  slight.  The  bioassay  confirms  slight  nitrogen 
limitation  as  visualized  in  Figures  A3  and  A4 .  Biomass  in  Treatment  B 
increased  only  slightly  because  phosphorus  rapidly  becomes  limiting  due 
to  tlie  initially  low  levels  of  all  nutrients.  There  is  a  delicate 
line  between  which  nutrient  may  be  limiting  at  any  one  time.  At  this 
particular  sampling  time  it  appears  nitrogen  was  limiting. 

It  will  bo  noted  that  the  specific  growth  rate  (Table  A5)  in 
Treatment  B  Increased  significantly  over  the  untreated  sample.  Treat¬ 
ments  D  and  G  show  even  greater  increases  in  ,  further  confirming  that 
nitrogen  is  only  partially  limiting  in  this  sample. 

3.  Wild  Rice  River,  Upper  End  Conservation  Pool  (Figures  A5-A6) 

The  observed  results  in  the  upper  end  conservation  pool  sample  were 
slightly  different  from  results  in  the  previous  samples.  The  chemical 
analyses  indicated  possible  phosphorus  limitation  (N/P  =  29.1),  but 
as  with  the  previous  samples  the  limitation  appeared  to  be  only  partial. 
Figures  A5  and  A6  show  that  bloassay  confirmed  this  limitation.  The 
maximum  biomass  observed  was  32.9  mg/2,  as  VSS  in  the  untreated  sample 
while  the  maximum  biomass  Increased  to  111.0  mg/2  when  phosphorus  was 
added  (Treatment  C) .  Wlien  N  is  added  in  addition  to  P  (Treatment  0) 
greater  response  occurred  indicating  N  Is  also  limiting. 

The  unique  point  to  note  In  this  sample  was  the  observed  response 
when  both  trace  elements  and  HCO^  were  added  to  tlie  system.  This 
indicated  that  trace  elements  and  carbon  were  also  limiting.  Since 
Ukisfi'n;'!  i’Ofnut  !W>  derives  carbon  from  CO2  in  the  atmosphere, 

it  is  doubtful  that  carbon  limitation  is  involved.  Since  HGO.^  spikes 
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add  buffer  capacity  to  the  sample  as  well  as  an  additional  carbon  source, 
this  aspect  may  also  be  considered.  This  response  may  result  from 
interaction  of  trace  elements  and  phosphorus  with  calcium  in  samples 
having  high  hardness.  Added  bicarbonate  helps  prevent  precipitation 
of  such  complexes  making  phosphorus  more  available. 

4.  Dayton  Hollow  Dam  Mid  Pool,  Depth  Integrated  (Figures  A7-A8) 

It  was  concluded  from  bioassay  and  to  a  lesser  degree  chemical 

analysis  that  both  nitrogen  and  phosphorus  were  limiting.  The  untreated 

sample  was  somewhat  fertile  as  indicated  by  (1)  the  optimal  N/P  ratio 

of  21.9,  (2)  an  observable  increase  in  biomass  in  Treatment  A  (Table  A4) , 

(3)  the  high  maximum  specific  growth  rate  (Table  A5) ,  and  (4)  Figures 

A7  and  A8  which  graphically  represent  the  growth.  Only  when  both 

nitrogen  and  phosphorus  (Treatment  D)  and  AAM  (Treatment  G)  were  added 

did  the  biomass  as  well  as  the  Q,  values  increase  over  the  untreated 

b 

sample. 

5.  Ottertail  River,  Inlet  to  Dayton  Hollow  (Figures  A9  and  AIO) 

Results  for  the  Ottertail  River  are  identical  to  results  observed 
in  Sample  4  above:  both  N  and  P  are  limiting.  Samples  4  and  5  are 
Identical  in  respect  to  all  aspects  observed  during  the  bioassay.  The 
indigenous  levels  of  N  and  P  were  the  same,  the  growth  response  to 
treatments  the  same,  and  the  maximum  growth  rates  in  all  treatments  were 
remarkably  similar. 


Nutrient  Availability 

In  order  to  ascertain  N  and  P  availability,  maximum  growth  was 
plotted  against  N  and  P  concentrations  present  in  the  various  treat¬ 
ments  (Figures  A11-A20)  for  each  of  the  samples. 

1.  Wild  Rice  River  at  Twin  Valley  Gauge  (Figures  All  and  A12) 

This  water  showed  equal  yields  (mg  VSS/mg  TSIN  and  mg  VSS/mg 
PO^)  for  N  and  P  in  the  untreated  sample  when  compared  to  algae  grown 
in  AAM  (AAM  represents  the  optimum  conditions  for  growing  5. 
capricornutim) .  This  indicated  that  all  the  N  and  P  was  available  in 
the  untreated  sample.  Addition  of  phosphorus  (Treatment  C,  Figure  All) 
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A.  Thi'i'i'  was  a  slight  ilogroe  of  trace  clt'raont  limitation  in 
Sample  3.  Carbon  limitation  was  possible  but  not  likely. 

S,  Ranking  of  bioassay  response  In  untreateti  samples  showed  the 
following  (greatest  to  least). 

When  N  and  1’  were  increased  by  spiking  the  ranking  was: 
3''1^A^3''2 

b.  Relative  fluorescence  response  correlated  well  with  optical 
density  response.  This  allows  growth  rate  data  to  be  analyzed  along 
with  biomass.  bsing  both  parameters,  N/T  ratios  were  essentially 
conf irmed. 

7.  No  toxlcltv  was  observed. 


Five  samples  arrived  at  the  Utah  Water  Research  l.aboratory  by  air 
freight  from  Fargo,  Nortli  Uakota,  on  .Inly  13,  1178.  The  samples  were 
in  polyethylene  containers  and  on  partial  ice  as  in  April  1978.  The 
samples  were  snb|ected  to  pretreatment  identical  with  bloassay,  rnn  1. 
Samples  4  and  S.  although  from  the  same  sites,  were  labeled  somewhat 
differently.  The  sites  included; 

1.  Wild  Rice  River  at  'IV in  Valiev  Cange 
11  .Inly  1978 

2.  inflow  to  Tower  Rice  Take 
11  -Inly  1978 

3.  Willi  Klee  River  Upper  Knd  Conservation  Fool 
11  .Inly  1978 

4.  Dayton  Hollow  Reservoir,  Ottertall  River 
11  .Inly  1978 

3.  Ottertall  River  I'pstream  of  Dayton  Hollow 
11  .Inly  1978 

Sample  spikes  or  treatments  are  the  same  as  those  in  bio.issav  rnn 
(page  A3).  All  conditions,  sample  vi>lnme,  t  emi'i'ra  l  nre ,  and  li;'.hting, 
mimic  the  April  1978  bloassay. 


Results 


In  general,  the  test  waters  of  Jvily  1978  have  taken  on  character¬ 
istics  somewhat  different  from  before.  Initial  chemical  analysis 
showed  much  lower  concentrations  of  Indlgeneous  nitrogen.  Phosphorus 
concentrations  also  varied  bvit  In  a  much  more  random  fashion.  Samples 
and  3  had  lower  P  values  while  2  and  5  were  higher.  The  phosphorus 
concentration  of  S.imple  A  Increased  drastically. 

Due  to  the  changes  In  nxitrlent  concentrations,  all  test  waters 
were  ascertained  to  be  nitrogen  limited  based  on  chemical  analysis. 

N/P  ratios  are  listed  In  Table  A7 .  The  overall  lower  nutrient  concen¬ 
trations  at  this  time  suggested  less  fertile  samples  than  noted  in 
April  1978. 

1.  Wild  Rice  River  at  IVln  Valley  Gauge  (Figures  A21  and  A22) 

The  concentrations  of  Indigenous  nutrients  appeared  to  I’c  too  low 
to  support  any  kind  of  growth  in  the  untreated  sample.  Generally  a 
test  water  must  contain  0.010  mg  V/i  if  growth  is  to  result.  Tlte 
level  of  0.01b  mg  P/'t  in  tlie  Wild  Rice  River  appeared  to  be  less  tlian 
adequate.  Because  of  tills  fact,  the  addition  of  N  (Treatment  B)  liad 
no  effect.  This  sample  was  botli  nitrogen  and  pliospliorus  limited. 
Maximum  growtli  rates  (Table  A8)  are  substantially  liiglier  wlien  botli 
N  and  P  were  made  available. 

2.  Inflow  to  Lower  Rice  Lake  (Figures  A23  and  A2A) 

The  N/P  ratio  of  l.b  clearly  indicated  nitrogen  limitation  and 
treatment  witli  nitrogen  (Treatment  B)  confirmed  tliis  assumption. 
Figures  A23  and  A2A  visually  represent  tlie  Increased  response  upon 
addition  of  nitrogen.  Tlie  values  are  extremely  low  except  in 
treatments  which  included  nitrogen  (Treatments  B,  D,  and  G) ,  also 
confirming  nitrogen  limitation. 

Phosphorus  will  become  limiting  as  indicated  bv  the  subnormal, 
although  Increased  growth  in  Treatment  B,  The  situation  created  in 
Treatment  B  Is  one  of  phosphorus  limitation  (N/P  =  AA.A).  The  rela¬ 
tively  low  level  of  Indigenous  phosphorus  was  exhausted  before  maximum 
growth  could  be  reached. 
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3.  Wild  Rice  River,  Upper  End  Conservation  Pool  (Figures  A25  and  A26) 

The  sample  responded  to  nitrogen  addition  with  increased  biomass 
but  not  significantly  enough  to  classify  the  sample  as  N  limited.  The 
sample  was  identified  as  both  N  and  P  limited.  Indigenous  nutrients 
were  at  a  level  that  was  considered  relatively  low,  making  the  sample 
Infertile  in  an  untreated  form.  The  sample  responds  well  to  Treatments 
D  and  G  with  greatly  increased  maximum  specific  growth  rates. 

4.  Dayton  Hollow  Reservoir,  Ottertail  River  (Figures  A27  and  A28) 

(Dayton  Hollow  Dam,  Mid  Pool,  Depth  Integrated) 

A  different  situation  arose  upon  examination  of  this  test  water. 

It  was  assumed  from  chemical  analysis  that  nitrogen  was  the  limiting 
factor  due  to  the  high  concentration  of  phosphorus  (100  yg/S.).  It 
appears  that  nitrogen  does  play  a  role  in  growth  limitation,  but  other 
nutrients  must  also  be  considered.  Figures  A27  and  A28  indicate  that 
the  addition  of  nitrogen  enhanced  growth.  This  fact  was  substantiated 
by  the  maximum  biomass  observed  (Table  A9).  However,  this  Increase  was 
far  below  what  was  predicted.  The  initial  N/P  ratio  of  3,2  was  Increased 
to  24.2  upon  addition  of  N  in  Treatment  B,  An  N/P  ratio  of  24.2  is 
within  the  optimum  growth  range;  therefore,  it  was  assumed  growth  would 
be  near  optimum.  Addition  of  both  N  and  P  in  Treatment  D  lowered  the 
N/P  ratio  to  12.5  (still  within  the  optimum  range),  but  growth  remained 
at  a  subnormal  level.  It  was  assumed  a  trace  element  or  HCO^  limitation 
in  conjunction  with  the  N  limitation  was  Involved  because  growth  in 
AAM  (Treatment  G)  was  normal. 

5.  Ottertail  River  Upstream  of  Dayton  Hollow  (Figures  A29  and  A30) 

(Ottertail  River  Inlet  to  Dayton  Hollow) 

Since  the  April  bioassay  the  phosphorus  concentration  doubled  and 
the  nitrogen  concentration  was  only  one-third  its  previous  level.  This 
created  a  definite  nitrogen  limitation  in  the  test  water.  Bloassay  was 
in  agreement  with  this  assumption  made  on  the  chemical  analysis  alone. 
Nitrogen  addition  caused  the  value  to  Increase  from  1.07  to  1.46  and 
the  biomass  to  increase  from  36.4  to  72.1.  Phosphorus  limitation  also 
played  a  part  as  indicated  by  further  biomass  Increase  (122.5)  when  P 
was  added  along  with  N  (Treatment  D) . 


All 


■1  -LlUL'ijlL.' 


1 


Nutrient  Availabl 1 itv 


1.  Wild  Rice  River  at  Twin  Valley  Gauge  (Figures  A31  and  A32) 

2.  Inflow  to  Lower  Rice  Lake  (Figures  A33  and  A3A) 

3.  Wild  Rice  River  Upper  End  Conservation  Pool  (Figures  A35  and  A36) 

Both  nitrogen  and  phosphorus  limitation  was  confirmed.  N  or  P 
additions  have  no  effect  on  the  total  biomass;  it  remained  tlie  same  as 
the  untreated  sample.  As  indicated  by  the  growth  equaling  /\AM,  nutrients 
were  in  an  available  form  for  both  samples. 

4.  Dayton  Hollow  Reservoir,  Ottertail  River  (Figures  A37  and  A38) 

5.  Ottertail  River  Upstream  of  Dayton  Hollow  (Figures  A39  and  A40) 

Nitrogen  limitation  is  pointed  out  well  using  the  mg  VSS/mg  PO^ 
plots.  Figures  A33,  A37,  and  A39  show  tliat  growth  in  tlie  untreated 
samples  was  subnormal  for  the  level  of  indigenous  phosphorus,  but 
according  to  Figures  A34,  A38,  and  A40,  biomass  was  greater  than  normal 
for  the  level  of  indigenous  nitrogen  in  the  samples.  This  clearly  indi¬ 
cates  complete  usage  of  nitrogen  with  an  excess  of  phosphorus.  Wlien 
both  N  and  P  were  added  to  Samples  2  and  5,  biomass  was  near  normal, 
indicating  that  all  nutrients  were  available. 

The  situation  in  Sample  4  is  somewiiat  different.  Due  to  the  trace 
metal  and  HCC^  limitation,  growth  increase  was  minimal  when  N  and  P 
were  added.  Macronutrients  (N  and  P)  were  not  made  available  until 
trace  metals  and  HCO^  were  added  in  Treatment  C. 

Conclusions 

1.  Samples  1  and  3  contained  extremely  small  concentrations  of 
both  nitrogen  and  phosphorus;  therefore,  the  untreated  samples  tended 
to  be  infertile.  Only  upon  addition  of  both  nitrogen  and  phosphorus 
did  biomass  increase. 

2.  Samples  2  and  5  also  exhibited  Infertile  tendencies,  but  the 
addition  of  nitrogen  lessened  the  infertility  to  some  degree.  However, 
the  indigenous  P  as  well  as  N  was  relatively  low,  making  these  samples 
subject  to  phosphorus  limitation  as  well. 
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3.  Sample  4  had  several  limiting  factors.  Nitrogen  was  definitely 
one  of  those  factors,  but  trace  element  or  HCO^  limitation  was  also 
involved. 

4.  Ranking  of  the  untreated  sample  response  showed  the  following: 

5>4>2>3>1 

When  N  and  P  were  increased  by  spiking  the  ranking  was : 

5>2>3>1>4 

5.  Relative  fluorescence  response  correlates  well  with  optical 
density  response.  The  N/P  ratios  based  on  chemical  analysis  Indicated 
nitrogen  limitation  in  all  samples.  This  appears  correct;  however,  due 

to  the  low  nutrient  concentrations,  both  N  and  P  play  roles  in  limitation. 

6.  No  toxicity  was  observed. 

A  BRIEF  REVIEW  OF  ALGAL  GROWTH  DYNAMICS 

The  growth  of  algae  is  limited  by  the  quantity  of  environmental 
factors  such  as  light,  temperature,  and  nutrients.  When  light,  tempera¬ 
ture,  and  other  environmental  conditions  are  at  standardized  levels  as 
in  the  algal  assay  method  (EPA  1971),  the  bloassay  shows  responses 
related  to  nutrient  concentrations.  Previous  studies  have  shown  (e.g., 
Porcella  et  al.  1970)  that  two  parameters  of  growth  can  be  related  to 
the  concentration  of  limiting  nutrient,  specific  growth  rate,  and 
maximum  growth.  Actual  measurements  of  growth  from  which  growth 
parameters  are  calculated  usually  require  a  variety  of  methods  (for 
example,  cell  counts,  cell  volume,  chlorophyll,  turbidity,  optical 
density,  dry  weight  of  cells,  particulate  carbon),  limited  only  by 
economics  and  technician  time.  The  limiting  nutrient  is  that  nutrient 
(required  element)  which  is  in  lowest  concentration  compared  to  all 
other  nutrients  in  relation  to  the  needs  of  the  cell. 

The  growth  parameters  can  be  calculated  or  estimated  from  measure¬ 
ments  of  the  growth  (X,  cells)  of  an  algal  population  over  a  period  of 
time  (t,  days): 
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The  maximum  growth  (X)  observed  occurs  when  the  limiting  nutrient 
is  exhausted  and  cells  not  only  cease  dividing  but  cease  increasing  in 
mass.  Operationally,  the  maximum  observed  value  of  the  growth  measure¬ 
ment  is  used  and  the  day  of  the  observation  is  recorded  as  follows: 

.N 

X  (t  =  B) .  Populations  increase  geometrically  (e.g.,  doubling  at 

D 

specific  time  increments)  and  the  rate  of  change  can  be  defined  as: 

M  =  yX;  U  =  dX  (A3) 

dt  X  dt 

Vniere  v*  (days  ^)  is  the  specific  growth  rate.  This  applies  only 

over  a  limited  range  (l.e.,  where  the  limiting  nutrient  has  not  been 

completely  utilized).  Integrating  over  time  (from  t  =  0  to  t  =  t)  for  a 

growing  population  starting  from  known  cell  concentration  (X^)  to  a 

greater  cell  concentration  obtains:  *^'^**^ 

Operationally,  is  determined  either  by  plotting  X  on  semilog  paper  and 

determining  the  slope  from  the  straight  line  portion  of  the  curve  (up  to 

about  point  A)  or  by  using  the  maximum  observed  slope  in  the  entire 

growth  curve  (0.  )• 
b 

The  growth  parameters  are  related  to  the  limiting  nutrient  con¬ 
centration  (S)  by  specific  growth  functions  (for  review  see  Pc^'cella 

A 

et  al.  1970;  EPA  1971).  Maximum  growth  (X)  is  related  to  the  limiting 
nutrient  by  the  concept  of  yield  (Y)  (i.e.,  mass  of  cell  growth  per 
unit  of  nutrient  mass): 
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o 

where  S  is  the  initial  concentration  of  limitinc  nutrient  and  it  is 
o  " 

assumed  (on  good  evidence)  that  essentially  all  of  tlie  nutrient  is 
utilized  during  cell  growth. 

Growth  rate  is  limited  by  catalysis,  and  enzyme  kinetics  liave  been 
assumed  limiting  as  follows: 


U  =  QS  (AS) 

K  +  S 
s 

wiiere  0  is  the  maximum  phys iological  population  growth  rate  and  K  is 
the  half-saturation  coefficient.  Data  in  this  report  were  anal\/ed 
only  in  terms  of  yield  because  measurement  tecliniques  used  were  not 
sensitive  enough  to  determine  algal  growtli  at  tlie  low  cell  concentra¬ 
tions  where  growth  increases  the  fastest. 

Wiien  samples  are  bioassayed,  growth  is  measured  by  an  appropriate 
method  and  the  growth  parameters  determined.  These  parameters  in 
themselves  may  be  insufficient  to  determine:  (a)  ttie  limiting  nutrient, 
(b)  tlie  effects  of  increases  in  specific  nutrients,  and  (c)  the  inter¬ 
actions  between  nutrient  additions  and  chemical  composition  and  inter¬ 
actions  of  tlie  sample.  Nutrient  additions  are  made  (termed  "spiking") 
and  bioassay  responses  determined;  an  example  is  the  "Protocol  for 
Nutrient  Spiking"  in  Table  A2.  Spiking  effects  on  growth  parameters 
can  be  used  to  determine  the  limiting  nutrient  for  that  sample  and  the 
effects  of  interactions  of  the  increase  of  the  specific  compound  or 
element.  For  example,  when  a  specific  nutrient  addition  causes  a  large 
response  in  a  sample  and  other  additions  do  not,  that  specific  nutrient 
is  defined  as  limiting  algal  growth  for  the  tost  conditions  and  bioassay 
organism. 

High  hardness  and  alkalinity  are  found  in  waters  draining  limestone 
geological  basins.  The  removal  of  GO,,  from  the  inorganic  carbon  pool 
of  alkalinity  causes  an  increase  in  pH  and  a  shift  to  carbonate  ions 
which  then  precipitate  calcium  ions  from  the  hardness  complement. 

Calcium  phosphates  and  metal  hydroxides  also  are  removed  along  with  the 
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CalX")^  precipitates  an  i  become  unavailable  for  algal  growth.  The  addi¬ 
tion  of  bicarbonate  to  such  hard  water  systems  increases  the  alkalinity 
pool  and  leads  to  better  pH  control  making  phosphates  and  trace  metals 
more  available.  In  any  case,  high  hardness-alkalinity  waters  which 
appear  to  be  limited  by  nitrogen  or  otlier  components  based  on  chemical 
analysis  can,  during  the  bioassay,  and  presumably  in  nature,  become 
limited  bv  phosphorus  or  trace  metals  because  of  precipitation. 
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yses  arid  results. 


T;iblc  A2.  Al}.',al  assay  mi'dlum  (AAM)  ,* 


CdiuumU  ra  t  ion  In  NAAM 


Compound 

Compound 

mg/ 

E lement 
rag/  i 

NaN03 

25.500 

N 

4.2 

^2 

MgCl., -61120 

12.171 

Mg 

2.9 

MgSO^  -71120 

14 .700 

A3 

CaCl2-2H20 

4.410 

Ca 

1.2 

NallC03 

15.000 

B 

K2HP0^ 

1.044 

P 

0.186 

L'£/J 

C 

H3BO3 

185.64 

B 

32.45 

MnCl,-4H20 

417.18 

Mn 

115.80 

ZnCl,, 

32.70 

Zn 

15.68 

Na3Mo0^-2H20 

7.26 

Mo 

2.88 

C0CI2-6H2O 

1  .43 

Co 

0.35 

CiiCl  ,,'21120 

O.Ol 

Cu 

0.004 

D 

F0CI3-6H2O 

160 

Fo 

33.05 

Na2EDTA -21120 

300 

mg/  S 

Protocol  for  Nutrient  Spiking 

S 

1.91 

N  i  trogen 

Na 

11 .04 

B 

Phosphorus 

K 

0.47 

A  + 

B  N  +  P 

C 

2.14 

C  +  D  Trace  Elomt'nts  (TE) 

All,  NAAM 


*  (EPA  1971), 


Table  ^3.  Maximum  amount  of  growth  observed  as  optical  density,  750  nm,  1  cm. 


Table  A4.  Maximum  amount  of  growth  observed,  mg/^,  VSS, 
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Table  A5.  Parameters  estimated  from  relative  fluorescence  (RF x  30). 


days  »  maximum  specific  growth 


Table  A6.  Chemical  analyses  and  results. 


Table  A7.  Maximum  amount  of  growth  observed  as  optical  density,  750  nm,  1  cm. 
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TSP  =  Total  Soluble  Phosphorus. 


Table  a8.  Parameters  estimated  from  relative  fluorescence  (RF^  30). 


Table  A9.  Maximum  amount  of  growth  observed,  mg/£  VSS. 
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Figure  Al.  Relative  fluorescence  of  sample  1  (April  10)  with  various  treatments 
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Figure  A2.  Ontical  density  of  sample  1  (Aoril  10)  with  various  treatments 


NFLDW  TO  LOWER  RICE  LHKE 
1PRIL  10  1970 


CO 


Figure  A3.  Relative  fluorescence  of  sample  2  (April  10)  with  various  treatment 
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Figure  A4.  Optical  density  of  sample  2  ('April  10)  with  various  treatments 
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Figure  A6.  Optical  density  of  sample  3  (April  10)  with  various  treatments 


Figure  A8.  Optical  density  of  sample  4  (April  11)  with  various  treatments 
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Figure  A9.  Relative  fluorescence  of  samnle  5  (April  11)  with  various  treatment 


Figure  AlO.  Optical  density  of  sample  5  (April  11)  with  various  treatments 
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Maximum  growth  in  sample  1  (April  10)  as  a  function  of  PO 
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Figure  A13.  Maximun  growth  in  sanple  2  (April  10)  as  a  function  of  PO 


INFLOW  TO  LOWER  RICE  LHKE 
BPRIL  IB  I97B 


J 

\ 

ID 

£ 

u 

Z 

□ 

h 

lE 

q: 

h 

z 

y 

V 

z 

□ 

V 

z 

in 

h 


ci/gND  A  "HiMoyg  Nnwixuw 


Figure  A14.  Maximum  growth  In  sample  2  (April  10)  as  a  function  of  TSIN 
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Fig>jre  A15.  flaxlmua  growth  in  sample  3  I'April  10;  as  a  function  of  PO 
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Figure  A.16.  Maximum  growth  in  sample  3  (April  10)  as  a  function  of  TSIN 


Figure  A17.  Maximum  growth  In  sample  4  (April  11)  as  a  function  of  PO 
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Figure  A19.  Maximum  growth  in  sample  5  (April  11)  as  a  function  of  PO 
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Figure  A20.  Maximum  growth  in  sample  5  (April  11)  as  a  function  of  TSIN 
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Figure  A22.  Optical  density  of  sample  1  (July  11)  with  various  treatments 


INFLOW  TO  LOWER  RICE  LH<E 


Figure  A24.  Optical  density  of  sample  2  (July  11)  with  various  treatments 
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Figure  A25.  Relative  fluorescence  of  sample  3  (July  11)  with  various  treatments 
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Figure  A26.  Optical  density  of  sample  3  Ouly  11)  with  various  treatments 
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Figure  A28,  Optical  density  of  sample  4  (July  11)  with  various  treatments 
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Figure  A29.  Relative  fluorescence  of  sample  5  Duly  11)  with  various  treatment 
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Figure  A30.  Optical  density  of  saraple  5  (July  11)  with  various  treatments 
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Figure  A31.  Maximum  growth  in  sample  1  (July  11)  as  a  function  of  PO 
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Figure  A32.  Maximum  growth  in  sample  1  (July  11)  as  a  function  of  TSIN 
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Figure  A35.  Maxinun  grovth  in  sanple  3  I’July  11)  as  a  function  of  ?0 
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Figure  A36.  Maximum  growth  in  sample  3  (July  11)  as  a  function  of  TSIN 
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APPENDIX  B: 


A  DETERMINATION  OF  POTENTIAL  WATER  QUALITY  CHANGES  IN  THE 
BOTTOM  WATERS  DURING  THE  INITIAL  IMPOUNDMENT  OF  THE 
PROPOSED  TWIN  VALLEY  LAKE 


D.  Gunnison,  J.  M,  Brannon,  I.  Smith,  Jr., 
G.  A.  Burton,  and  P.  L.  Butler 


Environmental  Laboratory 

U.  S.  Army  Engineer  Waterways  Experiment  Station 


I’ART  1:  INTRODUCTION 


1.  The  object Ivo  of  this  study  was  to  evaluate  the  potential  geo¬ 
chemical  effects  of  soil-water  interactions  occurring  under  anoxic  con¬ 
ditions  on  the  water  quality  of  the  proposed  Twin  Valley  Take  project. 
Wild  Rice  River,  Minnesota.  Consideration  was  also  given  to  the  poten¬ 
tial  effects  of  several  alternative  clearing  and  filling  practices  on 
the  water  quality  characteristics  of  the  project.  For  the  purpose  of 
this  report,  the  water  quality  characteristics  of  major  concern  include: 
dissolved  oxygen  (DO)  and  biochemical  oxygen  demand  (BOD),  pH,  nutrients 
of  major  importance  in  supporting  algal  growth,  sulfide,  organic  carbon, 
color,  and  the  metals  iron  and  manganese. 


PART  11:  MKTHOnS  AND  MATKRIALS 


S e lect ion.  Characteristics,  and  Sampling  of  Soils 
and  Vegetation  Used  in  this  Study 

2.  Two  generally  representative  areas  from  within  the  boundaries 
of  the  proposed  Twin  Valley  Lake  were  selected  as  sampling  sites.  The 
general  locations  of  these  sites  are  depicted  by  Arrows  1  and  2  in 
Figure  Bl.  Major  vegetative  and  edaphic  considerations  for  each  of  the 
sites  are  presented  below. 

3.  Site  1  was  selected  as  representative  of  the  most  extensive 
plant  community  and  soil  type  lying  within  the  proposed  lake  boundaries. 
The  site  is  approximately  1 . b  km  north  of  County  Highway  31  and  61  m 
north-northeast  of  the  northern  terminus  of  Counev  Road  164,  Norman 
County,  Minnesota.  Vegetation  on  this  site  has  been  characterized  as 
mature  floodplain  or  bottomland  forest  consisting  of  a  highly  developed 
overstory  of  tree  species  and  well-developed  herbaceous  ground  cover 

(H.  S.  Army  Engineer  lUstrict,  St.  Paul  1975).  The  species  composition 
of  floodplain  forest  for  this  area  is  given  in  detail  elsewhere  (H .  S. 
Army  Engineer  District,  St.  Paul  1975).  The  soil  of  Site  1  is  classi¬ 
fied  as  type  Af,  alluvial  land,  frequently  flooded  and  has  a  capability 
unit  rating  Vlw-1  -  of  restricted  use  and  best  suited  for  wildlife 
habitat  (Soil  Survey  of  Norman  County,  Minnesota  1974).  The  periodic 
Inundation  of  the  soil  in  this  area  is  reflected  by  the  water-tolerant 
nature  of  the  dominant  tree  species  (U.  S.  Army  Engineer  District,  St. 
Paul  1975)  and  by  the  lack  of  development  of  the  soil  into  normal, 
distinctive  soil  profiles  (Soil  Survey  of  Norman  County,  Minnesota 
1974). 

4.  Site  2  was  selected  as  typical  of  the  second  most  abundant 
soil  type  within  the  proposed  lake.  Site  2  is  situated  approximately 
1.6  km  north  of  County  Highway  31  and  1.2  km  north-northwest  of  the 
junction  of  County  Highway  36  and  County  Road  183,  Norman  County, 
Minnesota.  Vegetation  on  the  type  of  soil  found  at  this  site  is  also 
of  the  floodplain  type;  however.  Site  2  had  previously  been  stripped  of 
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vegl'tation  for  agricultural  purposes.  The  portion  of  Site  2  selected 

for  sampling  was  approximately  10  m  from  the  nearest  plowed  area  and  was 

2  to  3  years  into  a  secondary  succession  at  the  time  of  sampling. 

Predominant  vegetation  included  a  mixture  of  grasses  plus  numerous  small 

shrvibs  of  the  genus  Kibes  (gooseberry)  at  an  estimated  density  of 
2 

15  stems/m".  The  soil  of  Site  2  is  classified  as  Ad,  alluvial  land, 
occasionally  flooded,  and  having  a  capability  unit  rating  lllw-S  -  soil 
with  high  organic  matter  content  and  highly  fertile,  but  limited  useful¬ 
ness  by  poor  drainage  (Soil  Survey  of  Norman  County,  Minnesota  1974). 

The  upper  or  A  horizon  of  this  soil  was  extremely  well  developed,  and 
the  samples  commonly  indicated  a  depth  of  33  to  38  cm  for  this  horizoit. 

5.  Soil  samples  were  collected  by  cutting  the  soil  away  from  the 
■> 

perimeter  of  an  0.40-m‘  area  down  to  approximate! v  200  cm  beneath  the 
boundary  of  the  A  and  B  horizons.  Individual  horizons  were  removed  and 
placed  onto  individual  slieets  of  5-mil-thick  polyviny Ichlor ide  (I'VC) 
plastic  prior  to  placement  in  shipment  containers  and  transportation 
to  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES).  In  the 
case  of  Site  1,  none  of  the  large  trees  and  shrubs  present  were  in¬ 
cluded  with  the  soil  samples,  although  any  roots  running  through  the 
various  horizons  and  litter  lying  on  the  surfaces  of  the  A  horizon 
samples  were  included.  Samples  of  twigs  and  leaves  were  removed  from 
the  vegetation  present  in  the  area  of  Site  1,  each  in  approximate  pro¬ 
portion  to  the  biomass  of  a  given  species  present.  Samples  were  com- 

3 

posited  and  placed  into  individual  heavy-duty  30-gal  (0.114-m  )  trash 
bags  for  transport  to  WES.  Tn  the  case  of  Site  2,  the  dominant  vege¬ 
tation  present  on  the  site  (grasses  plus  gooseberries)  was  small  enough 
to  permit  inclusion  with  the  A  horizon  samples,  and  this  was  done.  In 
addition,  samples  of  the  shrubby  gooseberries  wore  also  taken  for 
independent  BOD  analysis. 


Experimental  Setup 

6.  The  general  design  of  the  soil-water  reaction  columns,  the 
instrumentation  (system  circuit  attached)  to  these  columns,  and  the 
flow-through  system  providing  constant  inflow  of  synthetic  Wild  Rice 
River  water  are  depicted  in  Figures  B2  and  B3.  Individual  samples  of 
soil  horizons  were  trimmed  to  squares  of  approximate] v  0.45  m  on  each 
side;  these  were  then  each  placed  into  one  soil-water  reaction  column. 

To  prevent  surface  vegetation  and  litter  from  buoying  up  when  the 
reaction  column  was  flooded,  A  horizons  were  covered  with  one  layer  of 
sink  matting  having  a  diamond- shaped  open  mesh  of  0.6-  by  0.6-cm 
squares.  For  each  study  site,  replicates  of  A  horizons  were  set  up 

in  each  of  three  reaction  columns. 

7.  Prior  t.  the  initiation  of  an  experiment,  the  reservoir 
tanks  were  filled  with  deionized  water,  and  each  of  the  compounds 
listed  in  Table  B1  was  added  to  the  reservoir  at  the  concentrations 
indicated.  This  combination  of  ingredients  was  selected  as  that  which 
most  closely  simulates  the  average  yearly  composition  of  the  Wild 

Rice  River  (refer  to  USGS  data  Wild  Rice  River  at  Twin  Valley,  Minnesota 
Water  Year  (WY)  77).  The  reservoir  water  was  actively  charged  with  air 
for  a  minimum  of  24  hr  prior  to  flooding  of  the  soils.  Reaction  columns 
were  filled  with  synthetic  Wild  Rdce  River  water  to  the  overflow  point, 
and  the  soil-water  contents  of  each  unit  were  permitted  to  equilibrate 
for  1  week  with  constant  aeration  and  mixing.  At  this  time,  an  initial 
sample  was  taken  to  provide  basO'line  data  under  aerobic  conditions. 

After  sampling,  aeration  was  discontinued,  and  the  reaction  columns 
were  sealed  off  from  the  atmosphere.  Flow-through  conditions  were 
initiated  at  a  rate  approximating  a  1-year  residence  time  for  the  water 
in  the  reaction  column.  The  ambient  incubation  temperature  was  20°C, 
and  the  circulation  pump  achieved  a  complete  turnover  of  reaction 
column  water  once  every  2  min. 

8.  Reaction  columns  were  run  steadily  for  120  days  and  sampled 
for  the  various  physical  and  chemical  parameters  except  DO  at  0,  1,  2, 

5,  7,  9,  13,  16,  21,  30,  40,  50,  60,  75,  and  100  days.  Dissolved  oxygen 
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was  measured  dally  from  the  initiation  of  the  experiment  up  to  the 
point  where  it  was  no  longer  detectable  in  samples  from  any  of  the 
reaction  chambers  (19  days).  At  this  point,  measurement  of  oxidation- 
reduction  potential  was  initiated. 

9.  After  120  days,  water  from  each  of  four  reaction  units  was 
removed  and  replaced  with  an  equivalent  volume  of  fresh  water  (approxi¬ 
mately  200  £) .  At  this  time,  one  of  the  columns  containing  an  A 
horizon  from  each  of  the  two  study  sites  was  completely  emptied  and 
replaced  with  a  15-cm-deep  B  horizon  from  Site  2.  These  two  replicates 
were  then  flooded  with  synthetic  river  water  and  treated  in  the  same 
manner  as  the  remaining  four  A  horizons.  Also  at  this  time,  the  inflow- 
outflow  rate  was  Increased  to  give  an  average  residence  time  of  35  days, 
the  maximum  flow  rate  that  could  bo  achieved  with  the  current  flow¬ 
through  apparatus. 

Measurement  of  DO,  pH,  Conductivity,  and  Color 

10.  Dissolved  oxygen,  pH,  and  conductivity  were  all  measured  on 
one  300-ml  sample  that  was  collected  under  nitrogen  by  permitting  water 
to  flow  gently  from  a  reaction  column  sampling  port  into  a  standard  BOD 
bottle.  Dissolved  oxygen  and  sample  temperatures  were  determined  with 
a  YSI  Model  57  Dissolved  Oxygen  Meter  equipped  with  a  YSI  Model  5720 
BOD  oxygen  probe  (Yellow  Springs  Instruments,  Yellow  Springs,  Ohio). 
Conductivity  was  measured  with  a  YSI  Model  31  Conductivity  Bridge  using 
a  YSI  Model  3403  Conductivity  Cell  (Yellow  Springs  Instruments,  Yellow 
Springs,  Ohio).  pH  was  determined  with  a  standard  pH  meter,  while 
color  was  analyzed  using  the  spectrophotometric  procedure  given  in 
Standard  Methods  (1971). 

Measurement  of  Oxidation-Reduction  Potential 


11.  Oxidation-reduction  (redox)  potential  was  measured  using  the 
t  millivolt  scale  of  a  standard  mlllivolt-pH  meter.  Electrodes  for 
measurement  of  redox  potential  were  prepared  vising  tiie  procedures  of 
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Mann  and  Stolzy  (1972).  Reference  potentials  were  supplied  by  a  standard 
pH  calomel  reference  electrode.  Each  reaction  column  had  one  redox 
electrode  reference  electrode  set  mounted  in  the  Instrument  box  located 
in  the  circulation  pump  circuit  (Elgures  B2  and  B3) . 

Sample  Collection,  Preservation,  and  Analysis 

12.  All  procedures  were  conducted  under  a  nitrogen  atmosphere  to 
maintain  the  anaerobic  integrity  of  the  samples.  Samples  to  be  analyzed 
for  soluble  nutrients  or  for  total  inorganic  carbon  (TIC)  were  cleared 
of  particulate  matter  by  passage  through  a  O.A5-pm  membrane  filter. 
Samples  for  particulate  plus  dissolved  organic  carbon  were  not  filtered. 
Samples  for  metals  analysis  were  passed  through  0.10-pm  filters,  a 
treatment  shown  to  remove  all  particulate  and  colloidal  metals  (Kennedy 
et  al.  197A).  Samples  for  total  sulfide  were  taken  and  preserved  simul¬ 
taneously  using  zinc;  analysis  was  conducted  immediately  using  the 
titrametric  method  given  in  Standard  Methods  (1971). 

13.  Samples  for  total  or  soluble  nutrients  were  preserved  by 
Immediate  freezing  and  storage  at  -40*^C.  Samples  for  TIC  analysis  were 
stored  at  4^^C  in  10-ml  serum  vials.  Metal  samples  were  preserved  by 
acidification  with  concentrated  (11.6  N)  IICI  added  at  the  rate  of  0,2  ml 
of  acid  per  15  ml  of  sample. 

14.  Metal  concentrations  were  determined  using  direct  flame 
aspiration  with  a  Spectrometries  Spectraspan  II  Ecelle  Crating  Argon 
Plasma  Emission  Spectrophotometer  (Spectrametr ics ,  Inc.,  Andover, 
Massachusetts) . 

15.  Ammonium-N  and  orthophosphate  concentrations  in  extracts 
were  determined  using  a  Technicon  Autoanalyzer  11  (Technicon,  Inc., 
Tarreytown,  New  York). 

16.  Sulfate  concentrations  were  determined  turbidimet rical ly 
following  conversion  of  sulfate  ion  to  a  barium  sulfate  suspension. 
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Soil  Cli;ir;«ctor i z.it  ion 


17.  Trior  to  any  soil  analysis,  reprosonl at Ivo  amounts  ol  soil 
s.'impli's  t'ri'm  oaoli  of  tlio  stmly  sitos  woro  air  driod  and  tlion  ground  to 
pass  a  l20-mi'sh  siovo. 

Wat  or  oxtraol 

IS.  A  40-g  subsaraplo  of  each  soil  samplo  w.as  woighod  into  a 
SOO-ml  oontrifugo  bottle  containing  200  ml  of  dolonlzod-disl  1 1  led  w.-itor 
mixture.  The  mixture  Wiis  sh.aken  mechanically  for  1  hr  and  centrituged 
at  hOOO  rpm  for  10  min.  The  resulting  supernat  .int  fluid  w.ts  v.-icuum 
t  titered  tlu'oiigli  O.AS-pm  membrane  filters,  and  this  I  titrate  was  immedi¬ 
ately  fri'zen  at  -hO^’c  until  an.ilyzed  for  t’a ,  Nn ,  t'l  ,  K,  and  St’^ . 

Ammonium  acet.ate  extraet 

1‘1.  A  20-g  svtbsample  of  each  soil  sample  was  weighed  into  .t 
2S0-ml  centrifuge  bottle  containing  100  ml  of  1  ^  .'inmionium  .icetate 
ipll  4.S).  The  mixture  was  mechanically  shaken  for  1  hr,  centrifuged 
as  described  above,  .uul  then  filtered  through  0,.4'i-lim  membrane  I  titers. 
Kesulting  fillr.ates  were  acidified  to  pH  1  with  1101  .-nul  stored  in 
polyethylene  bottles  for  subsequent  ••in.ilysis. 
llvilroxy  lamlne  hydreyh  lor  ^de  extj'act  ion 

20.  A  subsample  of  e.ach  soil  (200  g  dry  weiglit)  was  weighed  info 
a  2')0-ml  ci'iUrifuge  bottle  conf. -lining  100  ml  of  0.1  N  hydroxyl.imlne 
livdrocli liir iile  -  O.Ol  N  nitric  acid  solution  (t’h.-io  1*172).  The  mixture 
w.is  mechantcallv  shaken  for  10  min  and  centrifuged  ;is  previously 
described.  Supernatant  fluids  were  filtered  through  0.4S-pm  membrane 

I  liters  prior  to  .-ic  i  d  t  f  i  c;if  ion  with  lINii  ^  to  pH  I  and  stor.ige  in  poly- 
ethvli’iie  bottles  f«'r  subsequent  an.-ilysis. 

Total  d ion 

21.  A  2.0-g  suiis.-imple  oi  soil  was  weighed  into  a  Teflon  beaker, 
and  2S  ml  of  8  N  HNO.^  was  added  to  this.  The  mixture  w.-is  lu'.ifeii  lor 

1  111"  at  a\iproximaf elv  82*'l'  on  a  hot  plate  (Carmiuly  et  al.  l'>7'l.  I'iu' 
extract  w.-is  then  filtered  through  Whatm.-in  No.  S  fillers,  brought  ti’  .i 
tin.'il  vi’ 1  ume  »'f  lO  ml  with  distilled  water,  .ind  stori'il  until  .inalvred. 


l\nasslum  I'hli'rldo  t'Xtrart 

22.  A  20-g  soil  siibsamplo  was  wi'iRlu'il  info  a  2S0-nil  oont  r  i  f  npo 
bottU'  containing  100  ml  of  1  ^  KlM  .  Tlu’  mixtnro  was  mocbanlcal  1  v 
shaken  for  1  hr,  oont  rl  f  ngoii  as  provlonsly  ilosorllu'il,  and  tbon  filtorod 
through  0.4!)-iim  filters.  The  filtrate  w;is  aeidllied  to  pH  1  with 
concentrated  lU’l  and  stored  in  polyethylene  bottles  until  an.ilvsis. 

Cation  exchange  analysis 

2!1.  A  2.0-g  subsample  of  each  soil  was  saturated  with  ammonium 
by  shaking  for  1  hr  with  1  ^  anmu>nlum  acetate.  Kxcess  anmionium  w.is 
removed  by  repetitive  washiitg  with  isopri'pyl  .ilcohol  (Jackson  I'l'iS). 

The  adsorbed  ammonium  was  then  removed  bv  extractiiMi  with  a  series  of 
2  solutions  of  mixed  K  and  Ca  nitrates  (1.2  N  KNtt  ^  and  0.8  N  l'a(NiC^>,,, 
respectively)  (Tucker  1‘174). 

Tot^l  KJi'  Ulahl  n  i  t  rojjt'u 

24.  A  O.S-g  subs.'tmple  of  e.ich  soil  w.is  weighed  into  a  micro- 

Kjeldahl  flask  containing  l.l  g  ot  catalvst  (100  g  of  K,,S0,,  10  g  of 

CuSli^-5  ll.,0,  and  1.0  g  of  Se  ground  together),  2.0  ml  of  H.,0,  and 

3.0  ml  of  concentrated  ll,,.8t'',  .  Tin-  mixture  was  heated  for  S  lir  afti-r 
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the  digest  had  cleared.  The  digest  was  then  allowed  to  cool,  diluted 
with  distilled  water,  and  then  filtered  quant i tat ivelv  through  Whatman 
No.  S  filter  paper  into  a  SO-ml  volumetric  flask.  This  solution  was  then 
stored  for  subsequent  Nll^-N  analysis. 

Carlson 

21.  Total  organic  carbon  was  estimated  bv  weight  loss  after  heat¬ 
ing  10  g  (oven  dry  weight)  of  soil  for  8  hr  in  .-i  muffle  furnace  at 
400^\l  (Allison  1961).  Inorganic  carbon  content  was  detennined  bv 
treating  1.0  g  of  a  soil  subsample  with  3  HlM  and  the  measuring  tin- 
decrease  in  weight  resulting  from  ITV,  loss  (AllisvMi  et  al.  I'hiSl. 

Ana Jy  t i caj  nu^ hods 

26.  Concentrations  of  iron,  manganese,  potassium,  and  c;ilcium 
were  determined  using  direct  fl.-ime  aspiration  with  a  Spect  ramet  r  ics 
Spectraspan  11  Kcelle  tlratlng  Argon  I’lasma  Kmission  Spectr»iphotomi'ter 
(Spect ramet r ics ,  Tnc. ,  Andover,  Massachusetts).  Ammonium-nitrogen, 
orthophosphate  phosphorus,  and  sulf.-tte  were  assessed  .icciM-ii i ng  to  the 


procedures  given  In  the  preceding  section  on  sample  collection,  preser¬ 
vation,  and  analysis. 


Biochemical  Oxygen  Demand 

27.  Biochemical  oxygen  demand  (BOD)  was  determined  for  triplicate 
subsamples  of  eacli  soil  sample  according  to  the  procedures  described  in 
Standard  Methods  (1971)  witli  the  following  modifications.  To  each 
300-ml  standard  BOD  bottle  was  added  either  (a)  a  0.1-g  subsample  of 
soil,  (b)  a  0.10-g  subsample  of  soil  along  with  5.0  ml  of  glucose- 
glutamic  acid  standard  check  solution,  (c)  5.0  ml  of  glucose-glutamic 
acid  standard  clieck  solution  only,  or  (d)  no  soil  or  standard  check 
solution.  Following  the  filling  of  each  bottle  with  dilution  water  and 
the  stoppering  of  each  bottle,  a  standard  Incubation  and  IXl  determina¬ 
tion  was  carried  out  (Standard  Methods  1971).  The  BOD  of  individual 
soil  samples  was  determined  by  difference,  and  the  results  were  ex¬ 
trapolated  to  a  milligram  of  dissolved  oxygen  consumed  bv  a  gram  of 
substrate  in  a  litre  of  assay  water. 

28.  Oxygen  deniiind  of  vegetation  for  each  site  was  measured  on 
0.10-g  subsamples  of  vegetation  from  each  site.  As  described  previously, 
samples  of  veget^ition  were  composited  in  proportions  representative 

of  the  site  from  which  they  were  taken;  these  were  dried  to  constant 
weight  at  80^ C  and  then  ground  in  a  Wiley  Mill.  To  provide  an  inoculum 
of  decomposer  microorganisms,  0.10  g  of  soil  from  the  site  of  origin 
of  the  vegetation  was  included  in  each  of  several  replicates  of  vege¬ 
tation.  Vegetation  BOD  was  determined  by  difference  between  samples 
containing  vegetation  plus  soil  and  samples  that  contained  soil  only. 
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PART  III:  RESULTS 


29.  Results  obtained  during  the  present  study  are  reproducible, 
although  initial  difficulties  with  the  control  of  the  flow-through 
system  did  result  in  some  large  variations.  These  difficulties  were 
removed  by  the  end  of  the  first  simulation,  and  experimentation  follow¬ 
ing  the  second  flooding  of  the  four  remaining  A  horizons  and  the  first 
flooding  of  the  two  B  horizons  was  accomplished  under  much  more  con¬ 
trolled  conditions.  The  results  obtained  in  the  first  simulation 
generally  reflect  the  trends  encountered  during  the  onset  and  continua¬ 
tion  of  anaerobic  conditions  as  observed  both  in  natural  ecosystems  and 
in  bench-scale  laboratory  microcosms  (for  details  of  the  general  sig¬ 
nificance  of  these  trends,  see  Brannon  et  al.  1978).  Generally,  there 
were  no  significant  differences  between  the  geochemical  data  obtained 
from  the  A  horizons  of  the  two  study  sites,  and,  except  where  specifi¬ 
cally  mentioned,  the  data  presented  represent  averages  of  the  results 
obtained  with  all  six  reaction  columns. 

Change  From  Aerobic  to  Anaerobic  Conditions 

Biochemical  oxygen  demand 

30.  Values  for  BOD  for  the  A  horizons  and  for  the  composited 
vegetation  from  the  two  sites  are  summarized  below: 


Site  1 

Site  2 

F- Value 

BOD  of  A  Horizon 
(mg  0  /(£  X  g) 

substrate) 

12.3(0.8)* 

9. 6(1.1) 

0.68 

BOD  of  Composite  Vegetation 
(mg  X  g)  substrate) 

42.5(8.2) 

28.8(7.9) 

1.94 

*  Values  given  are  averages  of  a  minimum  of  three  repetitions. 
Values  in  parentheses  are  standard  error  of  the  mean  values  in  a 
5-day  test. 

The  F-values  required  for  significant  differences  between  Site  1  and 
Site  2  at  the  95  percent  confidence  level  are  6.61  for  the  A  horizons 
and  7.71  for  the  vegetation,  respectively.  Thus,  there  is  no  significant 
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difference  between  the  two  sites  for  the  BOD's  of  either  the  soil  or  for 
the  vegetation.  Therefore,  the  average  BOD  of  the  A  horizon  is  9.8 
(standard  error  =  1.3)  mg/(£  x  g)  per  gram  while  that  of  the  vegetation 
is  35.2  (standard  error  =■  5.6)  mg/(X,  x  g)  per  gram. 

Dissolved  oxygen 

31.  Depletion  of  DO  in  the  water  columns  of  the  reaction  chambers 
is  given  in  Figure  B4.  Aeration  was  terminated  In  the  columns  on  day  1 
of  the  incubation  period,  and  active  depletion  of  DO  occurred  from  this 
point  until  day  19  at  which  time  DO  was  no  longer  detectable  in  any  of 
the  reactors.  The  reactors  became  anoxic  on  an  average  of  16.5  days  of 
incubation  or  15.5  days  after  the  termination  of  aeration.  During  this 
time  an  average  of  8.2  mg  of  DO  was  removed  from  each  litre  of  reaction 
column  water.  Since  each  column  contained  approximately  200  I  of  water, 
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a  total  of  8.2  mg/S,  x  200  JJ,  or  1.64  x  10  mg  of  oxygen  was  consumed  in 

15.5  days  for  a  depletion  rate  of  106  mg/day.  Since  the  soil  was  0.45  m 

2 

long  on  each  side,  the  depletion  was  exerted  by  0.203  m  of  flooded 
soil  surface  for  an  oxygen  demand  of  522  mg  0^/ (m^  x  day)  at  20°C. 

This  computation  ignores  the  contribution  of  the  sides  of  the  soil 
sample  to  the  oxygen  demand  that  would  tend  to  depress  the  demand  value; 
however,  the  contribution  of  oxygen  by  the  inflowing  water  is  also 
ignored  (approximately  4.5  mg  DO/day) ,  a  factor  that  would  increase  the 
demand  value. 

Oxidation-reduction  potential 

32.  The  average  oxidation-reduction  (redox)  potential  for  the  six 
reactors  for  the  120-day  incubation  period  is  also  presented  in 
Figure  B4.  Examination  of  the  changes  in  redox  potential  with  respect 
to  time  indicates  a  rapid  initial  decline  corresponding  to  the  period  of 
time  encompassing  the  final  exhaustion  of  DO  and  the  onset  of  anoxic 
conditions.  Once  the  initial  decline  is  complete,  redox  potential 
levels  off  and  stabilizes  somewhat  at  approximately  -300  mV;  this  falls 
within  the  limits  of  the  majority  of  the  standard  error  bars  from  day  25 
to  day  66.  In  all  succeeding  figures,  the  time  Interval  encompassed  by 
days  14  through  19  is  referred  to  as  the  "transition"  stage;  this  is 
bounded  on  the  left  by  aerobic  conditions  as  indicated  by  the  presence 
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of  DO  and  positive  redox  potentials  and  on  the  right  by  anaerobic  con¬ 
ditions  as  evidenced  by  the  lack  of  DO  and  tlie  existence  of  negative 
redox  potentials  (Figure  B4). 

pH  and  Conductivity 

33.  Clianges  in  pH  and  conductivity  for  the  100-day  incubation 
period  are  shown  in  Figure  B5.  The  pH  decreased  rapidly  during  the 
first  10  days  of  incubation,  after  which  a  leveling  occurrt'd,  and  the  pH 
decline  became  nearly  linear  with  a  very  gentle  slope  of  less  than 

0.02  pH  unlts/day.  The  initial  highly  alkaline  pH  at  0  time  resulted 
from  the  buffering  capacity  provided  by  the  large  amounts  of  and 

MgCO^  used  in  the  synthetic  Wild  Rice  River  water  (Tables  B1  and  B2)  in 
order  to  simulate  the  high  levels  of  Ca,  Mg,  and  HCO^  within  the 
existing  river  (see  DSGS  data,  Wild  Rice  River  at  Twin  Valley,  Minnesota, 
WY  77).  The  decline  in  pH  is  probably  a  consequence  of  the  gradual 
increase  in  total  inorganic  carbon  (Figure  B6)  and  organic  acids  occur¬ 
ring  during  and  after  the  removal  of  DO. 

34.  Conductivity  Increased  throughout  tlie  entire  incubation 
period,  although  the  increase  was  more  rapid  during  the  first  one  half 
of  the  incubation  period,  and  the  conductivity  curve  then  assumed  a  more 
gentle  but  exponential  Increase  towards  a  final  level  of  b.O  ^  100 
Umhos/cm. 

Carbon 

35.  Changes  in  both  TIC  and  total  organic  carbon  (TOC)  are  given 
in  Figure  B6.  There  was  no  significant  difference  at  the  95  percent 
confidence  level  between  any  of  the  values  for  filtered  and  nonfiltcred 
TOC  on  a  given  sampling  date  after  day  1  of  the  Incubation  period. 

Thus,  the  values  shown  in  Figure  B6  are  averages  of  all  filtered  and 
nonflltered  samples,  and  all  TOC  values  shown  in  Figure  B6  are  con¬ 
sidered  to  represent  soluble  constituents. 

36.  The  gradual  Increase  in  both  TIC  and  TOC  over  the  initial 
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50  days  of  Incubation  is  similar;  however,  the  TIC  values  are  nearly 
an  order  of  magnitude  greater  than  their  TOC  counterparts.  The  TOC 
concentrations  peaked  at  50  days  of  incubation  and  then  began  a  gentle 
decline  while  the  TIC  concentration  continued  to  increase  with  increasing 
length  of  Incubation. 


Nitrogen 

37.  Four  forms  of  soluble  nitrogen  were  monitored  throughout  the 
100-day  incubation  period.  These  include:  total  Kjeldahl  nitrogen 
(TKN) ,  ammonium-nitrogen  (NH^-N) ,  nitrite-nitrogen  (NO^-N) ,  and  nitrate- 
nitrogen  (NO^-N). 

Total  Kjeldahl  nitrogen 

38.  TKN  is  shown  in  Figure  B7.  NH^-N  is  also  plotted  in  Figure  B6 

because  TKN  is  a  measure  of  the  sum  of  organic  nitrogen  plus  NH^-N. 

While  the  values  for  TKN  are  always  greater  than  NH,-N  values  for  the 
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same  sampling  date,  some  changes  in  the  TKN  composition  are  apparent. 
Throughout  the  entire  aerobic  phase  of  the  incubation  (0  to  14  days)  , 

*^he  amount  of  NH^-N  present  is  negligible  while  that  of  soluble  TKN  is 
in  the  2-  to  5-mg/!l  range.  Thus,  the  TKN  present  initially  is  predomi¬ 
nantly  organic  in  nature.  Once  the  reactor  systems  have  become  anoxic, 
NH^-N  begins  to  accumulate  in  a  linear  fashion.  TKN  also  increases 
linearly  from  day  21  to  day  60  and  then  falls  off  to  the  point  where  the 
values  for  TKN  on  day  75  and  day  100  are  nearly  identical  to  those  of 
NH^-N  for  the  same  days.  The  difference  between  the  organic  nitrogen 
and  the  ammonium  nitrogen  components  of  the  TKN  is  summarized  by  the 
following : 

Percent 

Incubation,  days  Organic  Nitrogen  Percent  NH^-N 

0  100  0 

21  83  17 

40  83  17 

60  71  29 

75  21  79 

100  25  75 
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Inorganic  nitrogen 

39.  The  various  inorganic  components  of  soluble  nitrogen  are 
compared  in  Figure  B8.  Nitrate-nitrogen,  which  is  considered  as  an 
alternate  electron  acceptor  for  oxygen  during  periods  of  little  or  no 
DO,  declines  rapidly  throughout  the  period  of  DO  depletion,  but 
nitrate  does  not  undergo  total  depletion  until  after  the  transition 
period  wherein  DO  is  exhausted.  Nitrite-nitrogen  is  a  two-way  product, 
being  produced  as  an  intermediate  during  the  aerobic  oxidation  of 
ammonium  to  nitrate  and,  conversely,  being  an  intermediate  during  the 
anaerobic  reduction  of  nitrate  to  ammonium.  The  occurrence  of  a  burst 
of  nitrite  during  the  aerobic  phase  of  incubation  tends  to  support  the 
first  of  the  two  pathways  and  helps  to  account  for  the  depletion  of 

DO  shown  in  Figure  84  and  the  failure  to  accumulate  large  concentrations 
of  NH^-N.  NH^-N  accumulation  becomes  nearly  linear  during  the  anaerobic 
phase  of  incubation,  and  the  accumulation  of  this  constituent  demon¬ 
strated  no  sign  of  stopping,  even  at  100  days  of  incubation. 

Phosphorus 

40.  Figure  89  presents  the  changes  found  in  both  total  phosphorus 
and  orthophosphate-phosphorus  (Ortho-P)  during  the  100-day  incubation 
period.  Both  components  showed  a  general  increase  that  commenced  with 
the  start  of  incubation  and  continued  well  into  the  anaerobic  phase  of 
incubation.  Each  component  showed  an  increase  in  the  rate  of  P  release 
into  the  water  column  once  the  reaction  columns  had  gone  anaerobic. 

Since  the  total  phosphorus  content  of  these  samples  includes  all  soluble 
orthophosphates,  condensed  phosphates,  and  organic  phosphates,  the 
difference  between  total  phosphates  and  orthophosphate  should  give  some 
representation  of  the  amount  of  the  sample  composed  of  condensed  and 
organic  phosphates.  This  is  summarized  by  the  following: 
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Incubation 

days 

Organic  +  Condensed 
Phosphate /Phosphorus 

Percent 

Ortho-P 

0 

100 

0 

21 

83 

17 

40 

83 

17 

60 

71 

29 

75 

21 

79 

100 

25 

75 

The  trend  appears  to  be  for  Ortho-P  to  start  out  forming  none  of  the 
total  phosphorus  values  and  to  increase  to  the  point  where  it  comprises 
approximately  two  thirds  of  the  total  phosphorus  present. 

Iron  and  Manganese 

41.  Figure  BIO  depicts  the  changes  in  soluble  reduced  iron  and 
manganese  during  the  100-day  incubation  period.  Manganese  reduction 
appears  to  precede  that  of  iron  by  about  5  days,  at  which  point  the 
accumulation  of  both  of  these  species  appears  to  occur  in  parallel. 
However,  by  the  end  of  the  incubation  period,  manganese  accumulation 
appears  to  have  ceased  while  iron  accumulation  is  still  increasing 
in  almost  linear  fashion.  The  apparent  depression  in  iron  accumulation 
between  days  30  and  50  corresponds  to  the  period  of  maximum  sulfide 
accumulation  in  the  water  column,  and,  in  fact,  a  black  ferrous  sulfide 
precipitate  began  to  be  visible  on  day  33  of  incubation  (Figure  Bll). 

It  is  possible  that  iron  was  being  actively  released  to  the  water  column 
during  the  period  of  apparent  depression,  but  the  removal  of  iron  sul¬ 
fide  by  precipitation  prevented  any  accumulation  in  the  water  column 
and  may  actually  have  removed  more  iron  than  was  released  during  this 
period.  A  similar  phenomenon  involving  manganese  carbonate  may  have 
been  responsible  for  the  eventual  leveling  off  in  manganese  accumula¬ 
tion.  However,  the  formation  of  insoluble  manganous  carbonate  was  not 
assessed  by  any  of  the  procedures. 
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Sulfide 


Sulfate  removal 

42.  The  reduction  of  sulfate  was  Inferred  by  the  observation  of  a 
disappearance  of  dissolved  sulfate  throughout  the  course  of  the  anaero¬ 
bic  phase  of  the  incubation  (Figure  Bll') .  No  significant  decrease  in 
the  level  of  sulfate  occurred  during  the  aerobic  phase  of  incubation, 
and  the  most  extensive  disappearance  of  sulfate  did  not  become 
apparent  until  after  day  27  of  incubation. 

Sulfide  production 

43.  Accumulation  of  sulfide  was  not  evident  until  after  day  27  of 
incubation,  a  period  corresponding  to  the  maximum  rate  of  sulfate  dis¬ 
appearance  (Figure  Bll).  The  actual  maximum  level  of  sulfide  accumula¬ 
tion  in  the  water  column  is  rather  low;  however,  the  removal  of  sulfide 
from  the  water  column  through  the  formation  of  Insoluble  ferrous  sulfide 
undoubtedly  accounts  for  a  much  larger  amount  of  sulfide  (see  preceding 
section  on  iron). 


Soil  Characterization 


44.  Values  obtained  in  the  soil  analysis  for  water-extractable  con¬ 
stituents,  for  extractable  chemical  constituents,  and  for  general 
physical  and  chemical  properties  are  presented  in  Tables  B3,  B4,  and  B5, 
respectively.  Four  general  observations  are  immediately  apparent. 

First,  with  the  exceptions  of  ammonium  acetate  extractable  iron  and 
manganese,  and  hydroxylamine  extractable  manganese  (all  on  Table  B4) , 
there  are  no  significant  differences  between  the  soil  characteristics, 
of  Site  1  and  those  of  Site  2.  Second,  the  values  obtained  for  Site  1 
are  quite  variable  as  indicated  by  the  wide  range  in  the  95  percent 
confidence  intervals  around  the  mean  values  for  each  parameter;  this 
indicates  a  very  heterogeneous  sample  in  support  of  the  heterogeneov»s 
nature  of  Site  1  soils  as  described  in  Part  II.  By  contrast,  the  third 
observation  is  the  relative  lack  of  variation  in  the  values  obtained 
for  Site  2  soils  as  indicated  by  the  generally  narrow  ranges  of  the 
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9S  percent  confidence  intervals  around  the  mean  values  for  each  param¬ 
eter;  this  indicates  a  very  homogeneous  sample.  Thus,  the  general  lack 
of  significant  differences  in  the  soils  from  the  two  sites  is  largely 
the  result  of  the  heterogeneity  of  Site  1  samples  wherein  the  standard 
of  error  of  the  mean  of  these  samples  becomes  so  large  as  to  overlap  the 
more  homogeneous  Site  2  samples;  this  in  spite  of  the  fact  that  the 
means  of  the  samples  from  these  sites  are  often  quite  far  apart.  The 
fourth  observation  is  that  the  soils  contain  high  concentrations  of 
chemical  constituents  subject  to  biological  reduction  under  anaerobic 
conditions.  These  include  water  soluble  sulfate  (Table  B3)  and 
ammonium  acetate  and  hydroxylamine  extractable  iron  and  manganese. 
Sulfate,  iron,  and  manganese  solubilized  by  these  extractants  are 
generally  considered  reducible  (l.e.,  subject  to  biological  reduction 
under  anaerobic  conditions  (Brannon  et  al.  1976)). 

Color 


45.  The  results  of  a  1-week  extraction  of  the  soils  with  water 
under  aerated  conditions  gave  the  following  values  for  the  color  of  the 
water: 

Wavelength  cjf  maximum  absorption:  576  nm 

Hue:  Yellow 

Percent  luminosity:  98.6 

A  comparison  of  the  changes  in  quality  or  intensity  of  color  that  occur 
in  water  during  sequential  floodings  is  not  presented  here  because,  at 
the  time  of  this  writing,  the  experiments  had  entered  only  the  first 
2  weeks  of  the  second  simulation.  Thus,  an  extensive  listing  of  suc¬ 
cessive  color  changes  is  not  available  at  present.  More  definitive 
quantitative  information  will  follow  shortly. 
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PART  IV:  DISCUSSION 


Changes  In  Water  Quality  Occurring  as  a  Result  of 
Impoundment  In  the  Wild  Rice  River 

46.  Results  of  this  study  indicated  that  if  the  proposed  Twin 
Valley  Lake  were  constructed  as  described  in  the  U.  S.  Army  Engineer 
District,  St.  Paul,  Final  Environmental  Impact  Statement  of  February 
1975,  the  changes  that  can  be  expected  in  the  water  quality  properties 
of  the  Wild  Rice  River  should  follow  the  trends  presented  in  the  follow¬ 
ing  discussion.  This  discussion  is  based  on  the  assumption  that  the 
sites  sampled  are  representative  of  the  area  to  be  covered  by  the  lake. 
Depletion  of  DO 

47.  The  biochemical  oxygen  demands  of  the  soils  and  the  vegetation 
taken  from  the  two  study  sites  are  high  and  will  likely  cause  a  large 
depletion  in  the  levels  of  DO  of  the  overlying  waters,  even  though  the 
proposed  impoundment  will  not  exhibit  strong  thermal  stratification. 

The  oxygen  depletion  rates  observed  for  the  first  year  of  inundation  of 

the  A  horizon  +  litter  layer  in  the  present  study  do  fall  close  to  the 

range  observed  in  certain  other  reservoirs  (e.g.,  U.  S.  Army  Engineer 

District,  Portland  1978;  also  the  values  for  the  organic  soils  examined 

in  soil-water  contact  columns  by  Sylvester  and  Seabloom  1965).  However, 

such  comparisons  made  between  reservoirs  suffer  from  the  overall  site- 

specific  properties  of  the  individual  reservoirs.  Nonetheless,  with 

2 

oxygen  consumption  rates  of  520  mg  0^/ {m  x  day)  for  the  first  year  of 
impoundment,  the  bottom  waters  will  tend  to  become  anoxic  within  a  short 
period  if  the  lake  becomes  stratified  with  bottom  temperatures  in  the 
18°  to  23°C  region.  Actual  in-lake  oxygen  depletion  times  would  depend 
on  depth  of  the  water  column  between  the  bottom  of  the  reservoir  and 
the  hypolimnetic-metalimnetic  interface  and  the  nature  and  fate  of 
organic  loadings  entering  the  hypolimnion  from  the  watershed  above  the 
reservoir  and/or  from  the  epilimnion. 

48.  Once  the  study  sites  have  been  flooded  for  a  year,  the  oxygen 
demand  will  diminish  somewhat  owing  to  the  losses  of  some  of  the  readily 
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available  organic  matter  tlirongh  decomposition,  It'acliing,  anii/or 
suspension  and  wasliont  of  particulates.  However,  tlie  present  stndv 
makes  no  pretense  of  accounting  for  whatever  alteration  in  oxygen  di-mand 
may  occur  t)ecaiise  of  inflow  and  deposition  of  inorganic  soil  components 
over  tlie  existing  A  lu)rizi>ns,  nor  does  this  report  examine  tlie  i)otential 
sustaining  effect  or  increase  in  oxygen  demand  tliat  may  occur  slionld 
additional  soils  of  tlie  existing  type  he  washed  in  and  de|iosited,  tluis 
replenishing  the  existing  materials. 

49.  Restilts  of  the  present  stiuly  indicate  th.it  if  tlie  existing  A 
horizon  of  the  soil  rem.iins  unaltered  hy  deposition  from  the  first  to 

second  season,  the  oxygen  dera.ind  will  fall  from  .in  estimateil  ‘)20  to 

2  2 
approximately  4'18  mg  t1^/(m^  ^  ilay)  ,  a  decline  of  more  th.in  80  mg  O^/Cm*" 

X  day).  Whether  the  demand  will  he  reiiuced  hy  a  similar  extent  from  tlu' 
second  to  the  third  years  of  imnidatlon  cannot  he  assessed  at  this  time. 
Should  the  bottom  waters  remain  aerobic  during  the  first  vear  of  impound¬ 
ment,  a  larger  decrease  in  the  oxygen  demand  would  tend  to  iiccur  ;is  a 
consequence  of  a  more  efficient  and  complete  utilization  of  organic 
matter  under  aerobic  conditions  relative  to  anaerobic  c 1 rcumst .inces 
(Alexander  1977;  Brock  1967;  Thimann  196d).  Civen  the  rate  of  decreasi' 
in  oxygen  demand  observed  between  the  first  and  second  simulations,  a 

minimum  of  5  years  of  an.ieroh  ic/aeroh  Ic  conditions  will  he  requiri'd  to 

2 

decrease  the  oxygen  dem.ind  to  the  110  to  120  mg  O^/m  x  dav  level  ob¬ 
served  for  the  first  year  of  inundation  of  the  B  horizon. 

Rele.'ise  of  c.irhon,  n  1 1  rogeii,  and  phosphorus 

■>0.  Results  of  the  present  study  indicati'  that  release  of  organic 
forms  »>f  c.'irhon,  nitrogen,  .and  idiosphorus  i  riim  the  soil  into  the  water 
column  occurs  extensively,  even  under  fully  aerated  cond i t icms.  A 
release  of  organic  materials  from  these  soils  is  not  surprising  in  view 
i>t  the  high  levels  of  org.inic  matter  originally  present.  The  total  or- 
g.anlc  c.irhon  conti’nt  of  the  Site  1  and  2  A  horizons  averages  6.8  i>er- 
cent  ;  this  translates  to  a  total  org.inic  m.atter  content  of  11.7  percent 
using  the  transformation  f.actor  of  Wilson  and  Staker  (1912).  This  con¬ 
centration  is  an  average  of  the  entire  A  horizon,  exclusive  cif  the  top¬ 
most  litter  layer,  hut  including  .all  undi-rground  macro-organic  matter. 
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and  is  higher  than  tlie  average  value  for  Minnesota  soils,  allliougli 
well  within  tiie  range  for  these  materials  (lUiekman  and  Brady  1969), 

51.  The  values  for  tt»e  total  dissolved  organic  and  inorganic  forms 
of  carbon,  nitrogen,  and  pliosphorus  presented  liere  are  not  tiecessarily 
the  actual  concentrations  that  will  be  acliieved  in  tlie  real  system; 
sucli  final  values  will,  of  necessity,  be  determined  by  the  movement  of 
nutrients  from  sediment  to  tlie  water  column  and  by  mixing  williin  the 
water  column  itself.  Since  water  columns  of  reservoirs  are,  under 
normal  stratified  conditions,  not  as  well  mixed  as  the  reaction  columns 
used  for  this  study,  tlie  final  concentrations  of  the  component  nutrients 
could  be  much  less  than  that  found  in  tlie  present  studies.  In  this 
case,  however,  the  concentration  of  nutrients  would  increase  drastically 
towards  the  bottom  of  the  water  column. 

52.  The  maximum  levels  of  organic  carbon  reported  in  this  study 
(approximately  90  mg/K.)  are  sufficient  to  tie  up  nearly  250  mg/t!  of  1X1, 
assuming  all  carbon  to  be  metabolizable  to  CO.^.  Thus,  even  at  more 
dilute  concentrations,  a  capacity  to  exert  a  BOO  will  be  present.  The 
nitrogen  and  phosphorus  values  present  in  organic  m.iterials  after  the 
release  of  the  latter  from  the  soil  do  not  represent  as  much  of  a  direct 
contribution  to  the  pool  of  plant-growth  stimulating  nutrients  .is  do 
their  inorganic  counterparts.  If  the  proposed  impoundment  does  go 
anoxic  during  the  first  year  of  filling,  the  subsequent  buildup  of 
inorganic  nutrients  will,  up  to  a  period  of  50  to  60  days,  show  gradual 
increases  in  inorganic  carbon,  phosphate-phosphorus,  and  amroonivim  nitro¬ 
gen.  These  substances,  if  released  downstream  or  if  released  to  the 
surface  waters  during  the  next  period  of  mixing,  represent  a  potential 
source  of  plant  growth  nutrients.  Moreover,  the  cv'ncentral ions  of 
.ammonium  observed  herein  are  high  enough  to  cause  difficulties  with 
biological  oxygen  demands  exerted  in  downstream  .areas  as  a  consei|uence 
of  the  biological  oxidation  of  ammonium  to  nitrate  and  nitrite. 

Release  o f  sul f ide 

53.  The  sulfate  contents  of  both  the  inflowing  Wild  Rice  River  and 
the  soils  to  be  inundated  are  high.  If  the  proposed  impoundment  follows 
the  trends  observed  in  the  studies,  it  may  become  anoxic  .and  il  it 
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ri*m;i  i  IIS  siuixii'  I'nr  .1  number  of  weeks,  there  Is  a  strong’,  imssitillty  tliat 
hyilr»>y,en  sulfide  will  be  released.  While  the  resultant  levels  of 
sulfide  In  the  water  can  lu'  limited  to  a  certain  extent  by  t  Ite  form.tt  ion 
and  precipitation  of  Insohdile  ferrous  sulfiiie,  the  juiss  lb  i  1  i  t  y  cauui't 
lu'  exchided  that  some  of  the  sulfide  will  i-sc.ipe  with  the  result  that 
its  rotten  ep.p,  otior  mav  be  released  from  the  lake.  More  likely,  how- 
I'ver,  is  till'  p^^tenfial  release  ol  sullide  (to  <iissolved  ami  suspi-nded 
particulate)  witli  anv  IxUtoni  withdrawals  made  from  I  lie  reservoir  and 
subseipieut  oili<r  and  oxypen  demand  problems  ih'wnstream  from  the  impound¬ 
ment  . 

Ke lease  of  iron  and  manyaiu'se 

The  levels  iif  iron  and  manp.anese  released  into  t  lie  water 
I'olumn  l>v  v  i  rt  \ie  ol  the  solubilitv  of  their  reduced  liirnis  are  not  as 
liic.h  as  t  lu'se  achieved  under  anat'roblc  conditions  In  other  situations 
(Brannou  et  al.  ld7S).  Moreiiver,  titis  study  indicates  that  t  lie  reddish 
colorat ion  which  can  result  I rom  the  oxidation  of  iron  when  anaerobic 
w. Iters  containing  the  ferrous  ion  are  rele.ised  vi.i  bi>itom  w  i  t  h- 
ilrawals  would  likely  lie  notici'd  more  from  t  lie  turbidities  created  bv 
tlowlnp,  iron  oxvlivilroxiili's  t  h.in  liv  t  lie  actual  color  propertii's  ol  the 
m.ilerial.  I'lu'  color  inifiartml  by  the  movement  of  humic  m.iti'rials  from 
soil  inti'  the  water  will  likelv  be  more  intense  than  that  of  iron  oxtiU's. 
Insoluble  ferrous  suit  ides  do  p.ive  a  black  color,  but  these  tend  to 
precipitate  rapidlv  and  would  tend  to  remain  in  the  lake.  ihici*  re- 
li-ased,  such  materi.ils  oxidi/.e  rapidly  and  the  I'roblems  resulting 
Ihi’iefrom  are  odors  (sulfide)  and  oxvpen  demand  (lU'b  and  U'l>)  .  dolor 
would  hardlv  hi'  as  serious  a  problem  as  t  lu'  iixvp.en  demand. 

(hi  Uir 

I'i.  The  I  indinps  of  this  studv  iiulicati'  that  the  vellow  color 
acipiired  bv  waters  that  contact  soils  liavinp,  hinh  levels  of  or^tanlc 
matter  in  t  lu'  area  ot  this  Imi'iuuidment  will  be  ai'pari'ni  lor  the  tlrst 
vears  both  in  the  wati-rs  in  the  impoundnii'iit  and  in  releases  made  t  rom 
it.  This  will  be  true  wlu'ther  (if  iK't  the  waters  become  aiioxi.-.  Kesults 
of  the  I'resent  studv  iiulii'ate  that  color  is  litt  Ic  iul  lucuci'd  bv  anoxi.i. 
The  (pialitv  ot  these  waters  would  be  coiisiiiered  .is  poor  bv  iiulustri.il 
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I'ffluont  standards  if  based  on  color  alone  (Standard  Methods  1971). 
However,  the  color  should  be  little  or  no  worse  than  any  of  the  natural 
lakes  in  the  same  region  of  tlie  country  and  would  be  considered  to  have 
only  a  minor  impact  on  water  quality,  unless  tlie  water  is  Intended  to 
serve  as  a  source  of  potable  water  supply;  in  this  case,  increased 
treatment  costs  would  be  incurred, 
pH  and  conduct iv 1^^ 

5b.  The  pH  will  decrease  under  anaerobic  conditions,  but  the  huge 
buffering  capacity  of  tlie  carbonate-bicarbonate  buffer  system  prevents 
the  pH  from  dropping  to  unacceptable  levels.  The  Increase  In  conduc¬ 
tivity  observed  in  this  study  indicates  a  gradual  increase  in  dissolved 
substances  under  anaerobic  conditions  and  this  is  confirmed  by  the 
observed  increase  in  inorganic  forms  of  carbon,  nitrogen,  and  phosphorus. 

1 nfluence  o f _S ite  Preparation  on  Water  tjuality 

influence  of  clearing  on  water  quality 

57.  The  results  obtained  in  this  study  indicate  that  the  BOO  of 
the  vegetation  from  the  two  study  sites  Is  quite  high,  an  average  5-day 
demand  being  approximately  35.6  mg  0^/Z  of  water  per  gram  of  vegetation. 
The  samples  of  vegetation  were  predried  and  ground  in  order  to  obtain 
a  uniformity  of  sulistrate  to  enable  site-to-site  and  vegetat ion-to-soi  1 
comparisons;  tills  would  tend  to  increase  the  BOO  values  to  some  extent 
because  of  the  effect  of  increased  surface  area  upon  microbial  availa¬ 
bility  and  colonization  (Alexander  1977;  Sylvester  and  Seabloom  1965). 
However,  the  data  do  fall  within  the  range  of  values  obtained  by  other 
investigators  (Sylvester  and  Seabloom  1965;  Feng  and  Hyde  1967).  The 
values  for  the  vegetation  are  three  to  four  times  that  exerted  by  the  A 
horizon  samples  tested.  The  common  practice  of  removing  vegetation  only 
in  the  flood  pool  region  where  residues  of  dead  trees  and  shrubs  can 
have  negative  aesthetic  impacts  relative  to  recreation  will  probably 
also  be  desirable  for  the  present  impoundment.  More  specifically, 
however,  the  vegetation  on  the  sites  examined  has  a  large  shrubby  and 
herbaceous  ciimponent  (H.  S.  Army  Fngineer  IMstrict,  St.  Paul  1975); 


B23 


thus,  the  BOD  of  this  material  Is  exerted  by  substances  that  are  rela¬ 
tively  easily  decomposed  when  compared  with  a  mature,  climax  forest. 
Removal  of  bottomland  vegetation  would  considerably  reduce  the  BOD  of 
the  sites  studied  (per  square  metre  basis).  This  procedure  would  reduce 
the  project's  impacts  on  water  quality,  particularly  In  the  first  1  to 
3  years  after  filling. 

Influence  of  soil  removal  on  water  quality 

58.  The  A  horizons  of  the  study  sites  together  with  the  litter 
layers  have  a  large  BOD,  and  this  is  reflected  in  the  rapid  oxygen 
depletion  rates  observed  in  the  soil-water  reaction  units.  Removal  of 
the  A  horizon  would  decrease  the  oxygen  demand  approximately  fourfold 
for  the  first  year  of  flooding,  and  although  the  oxygen  demand  of  the  B 
horizon  is  still  quite  high,  the  lower  demand  of  the  B  horizon  in  con¬ 
junction  with  the  predicted  tendency  of  the  reservoir  to  undergo  inter¬ 
mittent  mixing  would  probably  preclude  the  development  of  prolonged 
anoxic  conditions.  Moreover,  preliminary  results  obtained  in  tlie 
studies  of  tiie  B  iiorlzon  suggest  that  this  layer  will  release  a  much 
lower  level  of  plant  growth-supporting  nutrients  to  the  overlying  water 
column.  Note  that  no  attempt  is  made  here  to  anticipate  the  amount  or 
nature  of  A  horizon  materials  that  will  enter  the  reservoir  from  ui>- 
stream  areas  and  settle  in  the  reservoir.  Obviously,  materials  of  a 
highly  organic  nature  will  tend  to  aggravate  the  DO  depletion;  those  of 
a  more  mineral  nature  will  tend  to  seal  off  the  bottom  of  the  reservoir 
after  deposition  and,  thus,  would  lower  any  oxygen  demand.  It  should 
also  be  noted,  however,  that  the  A  horizon  is  relatively  deep  (25  to  4b 
cm),  rendering  removal  an  extremely  expensive  proposition. 

Influence  of  filling 
pract ices on  water  quality 

59.  Because  both  the  color  and  oxygen  demand  problems  improve  upon 
refloodlng  and  reexposure  of  ttie  soil  to  fresh  waters,  the  practice  of 
filling  and  flushing  the  impoundment  two  to  three  times  prior  to  final 
filling  should  liave  a  positive  effect  on  reservoir  water  quality.  How¬ 
ever,  since  much  of  the  aging  process  depends  as  much  on  the  breakdown 
of  moderately  degradable  components  (cellulose,  hemicel lulose)  as  on  the 
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movement  of  readily  soluble  components  out  of  tlie  reservoir,  tliose 
filling  practices  which  tend  to  accelerate  degradation  of  organic  matter 
while  avoiding  severe  BOD  problems  are  advisable.  This  suggests  a 
sequence  involving  two  or  three  flushings  to  remove  easily  soluble  or 
leachable  components,  followed  by  slow  Incremental  filling  to  keep  the 
reservoir  shallow  for  as  long  as  nossible  to  promote  oxygen  exchange 
with  the  atmosphere  and  consequent  efficient  decomposi t ion  of  organic 
matter. 
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PART  V:  CONCLUSIONS  AND  RECOMMENDATIONS 


60.  Impacts  of  reservoir  construction  and  operations  will  be 
minimal  and  limited  to  additions  of  color  (yellow)  and  soluble  organic 
forms  of  carbon,  nitrogen,  and  phosphorus  to  the  water,  provided  the 
proposed  reservoir  does  not  stratify  for  more  than  8  to  10  days.  Under 
aerobic  conditions,  the  impact  of  the  organic  material  on  water  quality 
is  larger  in  terms  of  the  BOD  exerted  by  the  material  itself  than  the 
concentrations  of  plant  nutrients  that  may  be  accumulated.  Tlie  magni¬ 
tude  of  the  oxygen  demand  depends  on  the  residence  time  of  the  water  in 
the  reservoir.  A  period  of  successive  Initial  fillings  and  flushings 
should  minimize  this  demand  because  short  residence  times  should  promote 
good  dilution  and  because  soluble  and  leachable  components  will  be 
readily  removed. 

61.  Anoxic  conditions  can  potentially  develop  during  the  first 
year  if  stratification  persists  for  longer  than  14  to  19  days.  Once 
anaerobic  conditions  have  developed,  both  organic  and  inorganic  forms  of 
carbon,  nitrogen,  and  phosphorus  predominate  for  the  first  few  weeks  of 
impoundment,  but  ammonium  nitrogen  and  ortho-P  make  up  Increasingly 
larger  portions  of  total  nitrogen  and  phosphorus  as  anaerobic  incubation 
continues.  Accumulation  of  inorganic  carbon,  ammonium-nitrogen,  and 
ortho-P  will  continue  to  Increase  throughout  the  entire  period  of 
anaerobic  incubation.  Bottom  withdrawals  from  a  reservoir  under  these 
conditions  would  release  significant  concentrations  of  inorganic  forms 
of  carbon,  nitrogen,  and  phosphorus.  These  nutrients  could  also  be 
released  to  the  surface  waters  during  periods  of  wind  induced  mixing. 

62.  After  27  days  of  incubation  (average  11  days  of  anoxic  con¬ 
ditions)  sulfide  accumulation  was  observed  in  the  studies.  The  detec¬ 
tion  of  sulfide  in  the  water  column  corresponded  to  the  observation  of  a 
black  precipitate  of  ferrous  sulfide  and  the  rotten  egg  odor  charac¬ 
teristic  of  hydrogen  sulfide  apparent  in  samples  taken  at  this  time. 
Bottom  withdrawals  under  these  conditions  would  have  sulfide  problems. 

63.  Studies  of  the  BOD  of  composite  vegetation  from  both  sites 
studied  Indicate  that  tlie  vegetation  will  have  a  BOD  approximately 
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Table  B1 

Compounds  Added  to  Flow-Through  Water  Used  for  Twin  Valley  Study 


Component 

Concentration 

Used 

mg/£ 

Cation 

Concentration 

mg/*. 

Anion 

Concentration 

tdr/H 

CaCO^ 

212.00 

84.90 

127.00 

MgCO^ 

125.00 

36.00 

89.00 

N«2^°4 

57.30 

18.50 

38.70 

KC^ 

7.55 

4.00 

3.55 

Totals 

402 

143 

258 

Table 

B2 

Total  Contributions  of  the  Various 

Constituents  of 

the  Flow-Through 

Water  Based 

on  Solubility-Product 

and  Equilibrium 

Considerations 

Ca  =  16.0  mg/£ 

Cl"  =  3.55  mg/£ 

Mg^  =  36  mg/£. 

+ 

SO^  =38.7  mg/£ 

Na  =  18.5  mg/Z 

CO^  =  0.75  mg/£' 

K  =  4.00  mg/^ 


* 


Even  though  total  CO3 
was  limited  due  to  the 


added  was  127  +  89  or  216  mg/H,  the  solubility 
high  initial  pH  (8. 5-9. 5)  and  the  equilibrium 


Table  B3 

Concentrations  of  Water-Extractable  Chemical  Constituents 
In  Soils  From  the  Impoundment  Area  of  the 
Proposed  Twin  Valley  Lake,  Minnesota 


Concentration,  ur/r  soli* 


Calculated 


Constituent 

Site 

1 

Site 

2 

F-Value' 

Calcium 

114.0  ± 

41.6 

72.4  i 

13.2 

5.12 

Magnesium 

22.9  ± 

10.3 

19.9  ± 

5.72 

0.37 

Potassium 

28.1  ± 

10.5 

16.8  ± 

9.5 

3.66 

Sulfate 

95.7  ± 

51.8 

87.3  ± 

25.1 

0.12 

*  Values  are  expressed  in  terms  of  95  percent  level  of  confidence. 

**  F-ratlo  as  obtained  by  sums  of  squares  analysis  of  variance, 
t  Required  F-value  for  siRuif  leant  differonee  at  95  percent  level  of 
confidence  is  6.61. 


*  Values  are  expressed  In  terms  of  95  percent  level  of  confidence. 

**  F-ratlo  as  obtained  by  sums  of  squares  analysis  of  variance, 
t  Required  F-value  for  significant  difference  at  95  percent  level  of 
confidence  is  6.61. 


Table  B5 

General  Physical  and  Chemical  Properties  of  Soils  From 


Twin  Valley  Lake.  Minnesota 


Constituent 


Concentration* _ 

Site  1  Site  2 


Calculated 
F-Value**.  t 


TKN,  yg/g  soil 

3566 

3215 

3290 

t 

329 

Total  iron,  yg/g  soil 

9458 

+ 

2595 

9463 

+ 

630 

Total  manganese,  yg/g  soil 

393 

99.0 

411 

20.8 

Total  phosphorus,  yg/g  soil 

501 

117 

511 

+ 

37.4 

Cation  exchange  capacity 

22.4 

17.7 

22.2 

1.4 

meq/100  g  soil 

TOC,  percent 

7.1 

+ 

7.7 

6.5 

+ 

0.2 

TIC,  percent 

0.7 

+ 

0,1 

0.7 

+ 

0.1 

O.OA 

0 

0.18 

0.04 

0 

0.04 

3.38 


*  Values  are  expressed  in  terms  of  95  percent  level  of  confidence. 

**  F-ratio  as  obtained  by  sums  of  squares  analysis  of  variance, 
t  Required  F-value  for  significant  difference  at  95  percent  level  of 
confidence  is  6.61. 
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Figure  B4.  Changes  in  DO  concentration  and  oxidation-reduction  (redox)  potential  in  water 
columns  of  the  reactor  units  during  100-day  incubation  period.  Bars  around  each  mean  value 

represent  standard  error  of  the  mean 
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Fe)  in  the  water  columns  of  the  reactor  units  during  100-day  incubation  period.  Bars 

each  mean  value  represent  standard  error  of  the  mean 


APPENDIX  C: 


PROJECTED  ESTABLISHMENT  AND  GROWTH  OF  AQUATIC  MACROPH\’TES 
IN  PROPOSED  TWIN  VALLEY  lAKE 


by 


John  W.  Barko 
Environmental  Laboratory 

U.  S.  Army  Engineer  Waterways  Experiment  Station 


1.  The  presence  of  particular  macrophyte  species  at  a  site  depends 
on  success  of  dispersal  and  suitability  of  the  environment.  Downstream 
dispersal  by  vegetative  propagation  and  by  seed  is  common  in  rivers. 

Thus,  any  macrophyte  species  upriver  from  the  proposed  Twin  Valley 
impoundment  are  candidate  colonizers.  Other  methods  of  dispersal 
(e.g.,  transport  by  waterfowl)  may  promote  the  colonization  of  macro¬ 
phytes  not  presently  existing  in  the  watershed.  Thus,  most  macrophyte 
species  in  temperate  North  America  could  potentially  colonize  the  im¬ 
poundment.  However,  on  the  basis  of  probability  of  propagation,  the 
macrophyte  community  will  most  likely  be  comprised  of  species  presently 
in  the  area.  A  listing  of  these  species  can  be  found  in  the  St.  Paul 
District  final  Environmental  Impact  Statement. 

2.  Because  of  changes  in  the  relative  suitability  of  the  environ¬ 
ment  to  different  species,  community  composition  will  undergo  continuous 
and  unpredictable  alteration  associated  with  post  impoundment  oscilla¬ 
tions  in  the  aquatic  environment.  Species  equilibrium  within  the  com¬ 
munity  will  not  likely  be  achieved  for  many  years.  During  this  period, 
the  success  of  establishment  of  any  particular  species  will  be  stochasti¬ 
cally  determined,  but  will  be  highly  dependent  upon  specific  dispersal 
ability. 

3.  Once  a  species  is  able  to  reproduce  at  a  rate  exceeding  its 
rate  of  mortality,  it  can  be  considered  successfully  established.  In 
uncolonized,  yet  suitable,  environments  plant  growth  rate  is  very  rapid 
following  establishment.  As  species  begin  to  compete  for  environmental 
resources,  they  become  sorted  along  specific  environmental  gradients. 

The  evolutionary  development  of  different  life  forms  of  aquatic  plants 
has  ^ased  competition  among  species  and  thus  maximized  their  utilization 
of  environmental  resources.  The  life  forms  of  aquatic  plants  are  given 
below  with  specific  examples: 


Life  Form 
emergent 
floating  leaved 
submergent 
free  floating 


Example 

cattail 

waterlily 

pondweed 

duckweed 


4.  Members  of  the  first  three  categories  (emergent,  floating 
leaved,  and  submergent  plants)  are  rooted  and  attached  to  a  substratum. 
Free-floating  plants  often  have  roots,  but  these  do  not  function  in 
attachment.  Emergent  aquatic  plants,  although  adapted  to  constant  or 
periodic  standing  water,  are  most  similar  to  terrestrial  plants.  These 
have  easily  distinguishable  and  functionally  separable  aerial  and  rooted 
portions.  Submergent  plants  are  the  most  highly  adapted  to  the  aquatic 
environment.  These  plants  remain  totally  submersed  throughout  their 
lifespan,  lack  structural  rigidity,  and  therefore  are  dependent  upon  the 
buoyancy  of  the  water  for  their  support.  Floating-leaved  plants  are 
intermediate  in  form  between  emergent  and  submergent  life  forms  and 
have  characteristics  of  both.  The  existence  of  emergent,  submergent, 
and  free-floating  life  forms  is  likely  in  Twin  Valley  Lake.  However, 
fluctuations  in  water  level  may  impede  the  establishment  of  floating¬ 
leaved  plants,  which  are  more  sensitive  to  changes  in  water  depth  during 
establishment  than  the  other  two  life  forms. 

5.  Once  established,  the  growth  of  aquatic  plants  becomes  dependent 
mainly  on  light  and  sediment,  although  temperature  is  also  important. 

The  relative  importance  of  these  factors  varies  with  the  enviroinnent ; 
however,  light  penetration  into  the  water  is  usually  considered  to  be 
the  factor  limiting  the  ucpth  distribution  of  submergent  plants.  In 
Twin  Valley  Lake,  light  is  predicted  to  become  limiting  at  a  depth  of 
approximately  3.3  m.  In  Figure  Cl  potentially  colonizable  lake  surface 
area  on  the  basis  of  light  penetration  alone  is  indicated.  This  area 
represents  approximately  4b  percent  of  the  lake  surface, 

6.  Emergent  vegetation  is  obviously  unaffected  by  light  (in  terms 
of  limitation),  but  normally  will  not  grow  in  water  depths  exceeding  ap¬ 
proximately  1  m.  Thus,  emergent  plants  in  IVin  Valley  Lake  will  be 
restricted  to  immediate  shoreline  regions. 

7.  Since  the  majority  of  macropnytes  are  rooted,  their  growth  and 
distribution  are  markedly  affected  by  sediment  type.  The  role  of  sedi¬ 
ments  in  the  nutrition  of  macrophytes  is  important  because  nutrients  can 
be  absorbed  from  the  sediment  by  the  roots.  For  the  most  part,  regions 
of  nutrient  absorption  depend  upon  the  relative  availability  of 


nutrients  witii  respect  to  the  distribution  of  plant  tissues  having  an 
absorptive  capability.  Nutrient  uptake  by  emergent  macrophytes,  whicli 
have  extensive  root  systems  and  little  absorptive  surface  exposed  to  the 
water,  probably  occurs  almost  exclusively  from  the  sediment.  In  the 
case  of  submergent  and  floating-leaved  macrophytes,  nutrients  may  be 
absorbed  from  either  the  sediment  or  the  water.  However,  recent  evi¬ 
dence  has  suggested  that  the  roots  of  these  life  forms  are  functionally 
similar  to  those  of  emergent  macrophytes.  The  nutrition  of  these  life 
forms  is  probably  much  more  commonly  sediment  based  because  of  the 
greater  availability  of  nutrients  in  sediments.  Predicted  high  sedi¬ 
ment  loads  into  Twin  Valley  should  provide  an  ideal  nutritional  environ¬ 
ment  for  rooted  macrophytes.  Likewise,  however,  sediment-associated 
turbidity  with  consequent  reduced  light  penetration  may  locally  impede 
the  distribution  of  submergent  plants. 

8.  The  Influence  of  high  macrophyte  density  on  water  quality  could 
be  important  because  of  the  extenslver ess  of  the  littoral  zone  in  the 
proposed  impoundment.  For  example,  recent  evidence  indicates  tliat 
rooted  plants  may  significantly  affect  pelagic  and  sedimentary  nutrient 
cycles  by  returning  to  the  water  column  nutrients  that  would  otherwise 
remain  sorbed  to  sediment  particles.  Releases  of  nutrients  from  macro¬ 
phytes  are  dependent  upon  tissue  sloughing  and  decay.  These  processes 
occur  throughout  the  growing  season  and  may  provide  sustained  nutrient 
inputs  supporting  phytoplankton  productivity  during  periods  of  reduced 
Inflow,  when  nutrients  might  otherwise  limit  algal  growth. 

9.  The  primary  effect  of  water  temperature  on  macrophytes  is  on 
species  composition  because  different  plants  often  demonstrate  distinct 
temperature  optima.  Indirect  effects  of  temperature  are  complex,  but 
nonetheless  important.  For  example,  the  solubility  of  gases  and  rates 
of  microbial  mineralization  of  organic  matter  are  temperature-dependent 
processes  that  can  affect  both  plant  growth  and  tlie  influence  of  plants 
on  nutrient  cycles.  Water  temperatures  in  Twin  Valley  Lake  wilx  be 
within  a  range  supportive  of  most  macrophyte  species  in  temperate 
regions  of  the  country. 


Table  D1 

Summary  of  Initial  Coiulttlont;  for  Ecological  Simulations 


I'arameter 

1971 

1975 

1976 

Jul Ian  day 

100 

109 

87 

Poo  1  0 levat ion ,  m 

9,5 

10.6 

9.5 

Fisli 

Predators  (KlSUl)  ,*  kn/ba 

10 

10 

10 

Planktivores  (FISU2),  kg/\ia 

20 

20 

20 

Bentlios  feeders  (F1S1I3),  kjt/lia 

44 

44 

44 

Water  quality  parameters 

Algae  1  (ALGAEl),  mg/C 

1.0 

1.0 

l.O 

Algae  2  (AL(:AE2),  mg/C 

0. 1 

0.1 

0. 1 

Alkalinity  (ALK) ,  mg/C 

190 

192 

220 

Benthos  (BEN),  mg/m- 

1650 

1650 

1650 

Ammonia  (Nil)),  mg/C  N 

0.04 

0.07 

0.20 

Nitrite  (N02) ,  mg/C  N 

0,0 

0.0 

0.0 

Nitrate  (N03) ,  mg/C  N 

0.10 

0.54 

0.  34 

Fecal  conforms  (COL),  colonies/100  ml 

58 

58 

20 

Detritus  (OET) ,  mg/C 

3.4 

3,4 

3.4 

Iflssolved  organics  (DOR),  mg/C 

5.5 

5,5 

4 .  b 

Dissolved  oxygen  (DO),  mg/C 

13.4 

13.0 

13.2 

Orthophosphate  (POCi) ,  mg/<  P 

0.04 

0.04 

0.05 

Organic  sediment  (SED) ,  mg/m 

5600 

5600 

5600 

Temperature  (TEMP) , 

3.4 

4.1 

3.6 

Total  dissolved  solids  (TDS) ,  mg/C 

264 

283 

284 

Zooplankton  (ZOO),  mg/C 

0,2 

0.2 

0.2 

pH  (PH) 

8,2 

8.1 

7,9 

*  Acronym  in  parenthesis  represents  the 

variable  name 

used  in 

the 

U.  S,  Armv  Waterways  Kx|H'rimoiU  Station  (WT'S)  version  of  ttte 

Wati'f  t^ialiiy  for  R  iver-Rcsorvolr  Systems  model. 
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Tabli'  1)2 

lloi't  t  li’ louts  for  Baso  Simulation 


I’a  raiiu*  t  o  r 

Ooof  t 1 0  lout 

I’bys  loa  1  ooof  f  i o  louts 

Turbiility  laotor  (TURB)* 

Kvaporat  ivi'  wiiul  funotlini  (AA+BB*W1  NP) 

AA 

0  m/ fsoo-mb) 

BB 

_i)  _  1 

1.2  0  10  mb 

Mixing;  oooffiolonts 

Stability  paraniotor  (ilSWll) 

7.0  ^  10~  ’  soo"'’ 

Wiini  mixlnp,  ooof  1  io  li'ut  fAl) 

i.O  ^  U)~‘* 

Hy  po  1  i  mno  t  i  o  it  i  f  f  us  i  v  1 1  y  (,  A2 1 

■S.O  ^  lO'*’  m"/soo 

Mi't a  1  iiiinot  i 0  ooollioiont  (AO 

-0.4 

Ext inot ion  root flo lout  (EXCOl 

0 .  7  m"  ’ 

Surtaoo  raillation  fraotion  (SURl’KAtll 

o.s 

I'.rltloal  aiivoot  Ivo  lionsity  lllPENSl 

2  .  {)  k  p.  /  m  ' 

Roaorat ion  ooof f lolonts 

i)xvp,on  (i)Mt)2) 

2.04^  10“  m‘/soo 

Parbon  illoxiilo  iPNC02') 

-  !  (1  ' 

2.04  10  nr/si'i' 

Stoioliiomotry 

02  -  Nil!  i02Nin') 

1.  s 

02  -  N02  (02N02') 

1.2 

02  -  Dotrltus  (02I)ET) 

2.0 

02  -  Rosplratlon  (02RES1'> 

1  .(> 

02  -  Alp,al  biomass  tO^’KAC) 

1  .B 

Cl)2  -  ifissolvoii  orpanlos  i0i)2P0R'l 

0.2 

Dooay  rat  os 

Dissolvoii  orpanios  (TPORPK) 

0.14  pi'r  itav 

Ammonia  fTNinOK) 

0.18  por  itav 

Nitrito  ITN021>K> 

l).40  por  ilav 

fOont  inuoii) 

*  Aoronvm  in  paronthosis  roprosont  s  t  bo  variabU'  nami'  usod  in  t  !u' 

WI  S  vorsion  of  t  bo  Wat  or  tjua  1  i  t  v  for  K  i  vor-Kv'sorvi' i  r  Svstoms  woiii'I. 
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Table  02  (Continued) 


CoefficienL. 


_ _ Parameter^ 

Decay  rates  (cont  d) 

Coli terms 

(QIO) 

(TCOLDK) 


_  Parameter _ _ — 

Mgae 

Chemical  composition 


cross  production  rate 
(TPMAX(I)) 

Temperature  rate 
multipliers 


per  day 


Uga^ 

1  =  1 


0.A5 

0.08 

0.011 


r.oefficienlL 


l.kl  per  day 


—  Of. 

.  threshold  (Tl)  « 

Lower  thresu 
Optimum  (12) 

Optimum  (H)  o 

upper  rl,reM.oW  ^8 

Half-aateration 

eeefficl'»«*  ^ 

carbon 

Nitrogen  (PS2N(l)) 

!  ^  (PSZPOAd))  0.003  mg/i 

Phosphorus  (  ^  Leal /«'  /'''• 

Light  0.17  per  day 

Hospiration  ^  0.3  m/day 

Settling  rate  ^  '  0  1  per  "i-mg/i 

SoU-shading  coefficient 

(Contjin'eOj) - 


-SLcXrT 

1  »  2 


0.A3 

0.08 


0.011 

1.61  per  day 


0.10  mg/' 

0.010  mg/« 

0.006  mg/' 

A.O  kcal/"'  /hr 
0.17  per  day 

0.1  m/day 
0.1  per  m-mg/ 

- (Sheet  2  ot 


Table  D2  (Continued) 


_ Parameter _ _ 

Zooplankton 

Chemical  composition 
C 
N 
P 

Assimilation  rate  (TZMAX) 

Temperature  rate  multipliers 
Lower  threshold  (Tl) 

Optimum  (T2) 

Optimum  (T3) 

Upper  threshold  (T4) 

Assimilation  efficiency  (ZEFFIC) 

Feeding  preference 
Algae  1  (PREF(l)) 

Algae  2  (PREF(2)) 

Detritus  (PREF(3)) 

Half-saturation  coefficient  (ZS2P) 
Mortality  rate  (TZMORT) 

Respiration  rate  (TZRESP) 

Detritus 

Chemical  composition 
C 
N 
P 

Settling  rate  (TTSETL) 

Decay  rate  (TDETDK) 

Benthos 

Chemical  composition 
C 
N 
P 

_  __  _ (CiMit  inut^d) 

ns 


Coefficient 


0.45 

0.08 

0.012 

0.505  per  day 

0°C 

20"C 

26*^0 

36‘’c 

0.65 

0.7 

0.3 

0 

0.2  mg / £ 

0.005  per  day 
0.2  per  day 


0.32 

0.07 

0.009 

0.15  m/day 
0.09  per  day 


0.47 
0.08 
0.01 1 
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Table  D2  (Continued) 


Parameter 


Coef  f icient 


Benthos  (cont'd) 

Assimilation  rate  (TBMAX) 
Temperature  rate  multipliers 
Lower  threshold  (Tl) 
Optimum  (T2) 

Optimum  (T3) 

Upper  threshold  (T4) 


0.04  per  day 


0°C 

20°C 

26°C 


Assimilation  efficiency  (BEFFIC)  0.6 

Half-saturation  coefficient  (BS2SED)  200  mg/m^ 


Mortality  rate  (TBMORT) 

Respiration  rate  (TBRESP) 

0.005 

0.016 

Coef  f icient 

per  day 

per  day 

Parameter 

FISH  1 

I  =  1 

FISH  2 

I  =  2 

FISH  3 

I  =  3 

Fish 

Chemical  composition 

C 

0.45 

0.45 

0.45 

N 

0.08 

0.08 

0.08 

P 

0.011 

0.011 

0.011 

Assimilation  rate 

(TFM/\.X(I)) 

0.013  per  day 

0.014  per  day 

0.014  per  day 

Temperature  rate 
multipliers 

Lower  threshold  (Tl) 

0°C 

0°C 

o‘’c 

Optimum  (T2) 

25‘’c 

25°  C 

25°C 

Optimum  (T3) 

29”c 

29°C 

29'’c 

Upper  threshold  (T4) 

35°C 

35°C 

35‘’c 

Assimilation  efficiency 

(FEFFIC) 

0.8 

(Continued) 

0.8 

0.8 
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Table  D2  (Concluded) 


_ Parameter _ 

Fish  (cont'd) 

Hal f-saturation 
coef  f Icients 

Fish  (FS2FSH) 

Zooplankton  -  Detritus 
(FS2Z00) 

Benthos  -  sediment 
(FS2BEN) 

Fraction  of  diet 


_ Coef  f Iclent 

FISH  1  FISH  2 

1=1  1  =  2 


FISH  3 
1=3 


5.7  kg/ha 


0.76  mg/t 


7.0  tng/i 


Sediment  (F3SED) 

— 

— 

0. 

,45 

Benthos  (F3BEN) 

— 

— 

0, 

,55 

Mortality  rate  (TFMAX) 

0.002  per 

day 

0.002  per 

day 

0. 

,002 

Respiration  rate  (TFRESP) 

0.008  per 

day 

0.008  per 

day 

0, 

,008 
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Table  1)3 


1971  Water  Quality  Updates 

Parameter 

Update 

ALC  1,  mg/2 

Assume  =  0.37 

e 

CM 

< 

Assume  =  0 

ALK,  mg/ 5 

ALK(I)  =  2A6(FLOW(l))"°’°^^ 

=  0.51 

BOD,  mg/ 2 

Assume  =  5.5 

NH4-N,  mg/ 2 

Assume  =  O.OA 

N02-N,  mg/ 2 

Assume  =  0.0 

N03-N,  mg/2 

N03N(I)  =  0.0251(F'LOW(I))°'^^ 

R^  =  0.80 

COL,  colonies/JOO  ml 

Assume  =  58 

DET-C,  mg/ 2 

Assume  =  3. A 

DO ,  mg/ 2 

Assume  9A  percent  saturation 

POA-P,  mg/ 2 

POAP(I)  =  0.0235(FLOW(1))‘^’^^ 

R^  =  0.92 

TEMP,  ”c 

Generated  from  air  temperature 

residual 

TDS,  mg/ 2 

TDS(I)  =  316(FLOW(I))~®'°^^ 

R^  =  0.50 

ZOO,  mg/ 2 

Assume  =  0 

PH 

Assume  =  8.2 

1976  Water  Quality  Updates 


perature  Is  in  °C. 


Table  D5  (Concluded) 


1 


1  ^ 

to 

CM 

to 

oo 

lO 

CO  to  CM 

<3 

CO 

UO 

X 

• 

• 

• 

• 

• 

«  •  • 

• 

• 

a. 

00 

00 

00 

00 

00 

r**. 

00  00  00 

P^ 

00 

00 

zoo 

0  = 

amnssv 

c/3 

ro 

o> 

r>. 

CO 

rH 

rH  tO 

CO 

00 

lO 

o 

lA 

a^ 

lO 

CO 

vO 

SO 

lO  00  p^ 

C7N 

CO 

CO 

H 

CA 

CM 

CO 

CO 

CO 

CO 

CO  CO  co 

CO 

x 

K^ep  AifBa 

H 

04 

1 

CM 

o 

CO 

Mf 

CO 

^  CM  I-H 

CO 

CM 

CO 

o 

o 

o 

o 

o 

o 

O  O  O 

o 

O 

o 

O 

• 

• 

• 

• 

• 

• 

•  •  • 

• 

• 

• 

o 

o 

O 

o 

o 

o 

o  o  o 

o 

o 

o 

DO 

uo'pqcjnqps  juaojad 

t?6 

auinss 

DET 

CO 

II 

auinssv 

.J 

vO 

O' 

lO 

00 

vO 

00  sO  1 

1 

1 

c 

CM 

CO 

r>. 

to 

vO 

lO  1 

1 

1 

o 

rH 

1 

C-x 

O 

rH  rH  O 

o 

rH 

rH 

fO 

O 

o 

CO 

o 

o 

O 

GOO 

o 

o 

o 

o 

• 

« 

• 

• 

• 

• 

• 

• 

• 

z 

o 

o 

O 

o 

o 

o 

o  o  o 

o 

o 

o 

z 

<N 

o 

0  = 

auinssy 

z 

z 

1 

o 

o 

CM 

pH 

nJ- 

CO  rH  o 

o 

rH 

o 

o 

j 

O 

o 

O 

O  O  O 

o 

o 

o 

i 

o 

o 

O 

o 

o 

o  o  o 

o 

o 

o 

Q 

1 

1 

1 

00 

Mf 

>3-  00  1 

1 

1 

, 

o 

1 

1 

1 

« 

• 

•  •  1 

1 

1 

1 

QQ 

rH 

rH 

so  rH 

CO 

<f 

vO 

00 

^  ON  rH 

CO 

r- 

►j 

so 

lO 

CM 

r>» 

vO 

r>-  00  OS 

rH 

CM 

< 

CM 

CM 

CM 

CM 

CM 

CM 

CM  CM  CM 

CO 

CO 

CO 

CM 

o 

0  = 

auinssy 

o 

le* 

0  = 

auinssy 

c 

•H 

CM 

o 

ro 

pH 

00 

CM  ON 

sO 

CO 

CM 

rH 

ctJ 

CM 

CM 

fO 

to 

lO 

sO  P^  P>> 

00 

c^ 

O 

3 

Q 

CM 

CM 

CM 

CM 

CM 

CM 

CM  CM  CM 

CM 

CM 

CO 
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